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CERTIFICATION 


Hewlett-Packard Company certifies that this product met its published specifications at the time of ‘shipment from the 
factory. Hewlett-Packard further certifies that its calibration measurements are traceable to the United States Na- 
tional Bureau of Standards, to the extent allowed by the Bureau’s calibration facility, and to the calibration facilities 
of other International Standards Organization members. 


WARRANTY 


This Hewlett-Packard product is warranted against defects in material and workmanship for a period of one year 
from date of shipment [,except that in the case of certain components listed in Section I of this manual, the warranty 
shall be for the specified period] . During the warranty period, Hewlett-Packard Company will, at its option, either 
repair or replace products which prove to be defective. 


For warranty service or repair, this product must be returned to a service facility designated by -hp-. Buyer shall 
prepay shipping charges to -hp- and -hp- shall pay shipping charges to return the product to Buyer. However, Buyer 
shall pay all shipping charges, duties, and taxes for products returned to -hp- from another country. 


Hewlett-Packard warrants that its software and firmware designated by -hp- for use with an instrument will execute its 
programming instructions when properly installed on that instrument. Hewlett-Packard does not warrant that the 
operation of the instrument, or software, or firmware will be uninterrupted or error free. 


LIMITATION OF WARRANTY 


The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer, 
Buyer-supplied software or interfacing, unauthorized modification or misuse, operation outside of the environmental 
specifications for the product, or improper site preparation or maintenance. 


NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY 
DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR 


PURPOSE. 

EXCLUSIVE REMEDIES 
THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HEWLETT- 
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE- 
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY. 
ASSISTANCE 


Product maintenance agreements and other customer assistance agreements are available 
for Hewlett-Packard products. 


For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. 
Addresses are provided at the back of this manual. 
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SAFETY SUMMARY 


The following general safety precautions must be observed during all phases of operation, service, and repair of this 
instrument. Failure to comply with these precautions or with specific warnings elsewhere in this manual violates 
safety standards of design, manufacture, and intended use of the instrument. Hewlett-Packard Company assumes no 
liability for the customer's failure to comply with these requirements. This is a Safety Class 1 instrument. 


GROUND THE INSTRUMENT 


To minimize shock hazard, the instrument chassis and cabinet must be connected to an elec- 
trical ground. The instrument is equipped with a three-conductor ac power cable. The power 
cable must either be plugged into an approved three-contact electrical outlet or used with a 
three-contact to two-contact adapter with the grounding wire (green) firmly connected to an 
electrical ground (safety ground) at the power outlet. The power jack and mating plug of the 
power cable meet International Electrotechnical Commission (IEC) safety standards. 


DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE 

Do not operate the instrument in the presence of flammable gases or fumes. Operation of any 
electrical instrument in such an environment constitutes a definite safety hazard. 

KEEP AWAY FROM LIVE CIRCUITS 


Operating personnel must not remove instrument covers. Component replacement and internal 
adjustments must be made by qualified maintenance personnel. Do not replace components 
with power cable connected. Under certain conditions, dangerous voltages may exist even with 
the power cable removed. To avoid injuries, always disconnect power and discharge circuits 
before touching them. 


DO NOT SERVICE OR ADJUST ALONE 

Do not attempt internal service or adjustment unless another person, capable of rendering first 
aid and resuscitation, is present. 

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT 


Because of the danger of introducing additional hazards, do not install substitute parts or per- 
form any unauthorized modification to the instrument. Return the instrument to a Hewlett- 
Packard Sales and Service Office for service and repair to ensure that safety features are main- 
tained. 


DANGEROUS PROCEDURE WARNINGS 


Warnings, such as the example below, precede potentially dangerous procedures throughout 
this manual. Instructions contained in the warnings must be followed. 





Dangerous voltages, capable of causing death, are present in this instrument. Use ex- 
treme caution when handling, testing, and adjusting. 

















SAFETY SYMBOLS 


General Definitions of Safety Symbols Used On Equipment or In Manuals. 


A 
4 








NOTE: 


Instruction manual symbol: the product will be marked with this 
symbol when it is necessary for the user to refer to the instruction 
manual in order to protect against damage to the instrument. 


Indicates dangerous voltage (terminals fed from the interior by 
voltage exceeding 1000 volts must be so marked). 


Protective conductor terminal. For protection against electrical 
shock in case of a fault. Used with field wiring terminals to in- 
dicate the terminal which must be connected to ground before 
operating equipment. 


Low-noise or noiseless, clean ground (earth) terminal. Used for a 
signal common, as well as providing protection against electrical 
shock in case of a fault. A terminal marked with this symbol must 
be connected to ground in the manner described in the installation 
(operating) manual, and before operating the equipment. 


Frame or chassis terminal. A connection to the frame (chassis) of 
the equipment which normally includes all exposed metal struc- 
tures. 


Alternating current (power line). 
Direct current (power line). 


Alternating or direct current (power line) 


The WARNING sign denotes a hazard. It calls attention to a pro- 
cedure, practice, condition or the like, which, if not correctly per- 
formed or adhered to, could result in injury or death to personnel. 


The CAUTION sign denotes a hazard. It calls attention to an 
operating procedure, practice, condition or the like, which,if not 
correctly performed or adhered to, could result in damage to or 
destruction of part or all of the product. 


The NOTE sign denotes important information. It calls attention 
to procedure, practice, condition or the like, which is essential to 
highlight. 











SECTION | 
GENERAL INFORMATION 


The information in this manual is for the use 
of Service Trained Personnel. To avoid elec- 
trical shock, do not perform any procedures 
in the manual or do any servicing to the 
3468A unless you are qualified to do so. 


1-1, INTRODUCTION 


1-2. The information in this manual is for the Installa- 
tion, Operation, Performance, Calibration, and Service 
of the 3468A Digital Multimeter. The manual is design- 
ed for the use of Service Trained Personnel. Other users 
should refer to the Operators Manual. This manual is 
separated into the following sections. 


1-3. Section |, General Information 


1-4, A short description of the manual and introduction 
to the 3468A is in Section I. The section also lists instru- 
ment specifications and accessories. 


1-5. Section Il, Installation Procedures 


1-6, This section explains how the 3468A is prepared 
for use and includes power requirements, line voltage 
selection, etc. The section also explains how to connect 
the multimeter for remote operation. 


1-7. Section Ill, Operation 


1-8. The condensed operating instructions of the 
3468A, for the use of Service trained Personnel, is in 
this section. For more complete instructions, refer to the 
Operators Manual. 


1-9. Section IV, Performance Test and Calibration 


1-10. The 3468A’s Performance Test and Calibration 
Procedures are in Section IV. The Required Equipment 
Table and an abbreviated specification table are also in- 
cluded. 


1-11. Section V, Replaceable Parts 
1-12. Section V lists the replaceable parts of the 3468A. 


It also includes pictures and illustrations of chassis and 
mechanical parts. 


1-13. Section VI, Backdating 


1-14. This section has information for adapting the 


manual to 3468A’s with serial numbers below the ones 
shown on the title page. 


1-15. Section VII, Service 


1-16. The 3468A’s Troubleshooting Procedures, 
Theory Of Operation, and Schematics are in Section 
VII. The troubleshooting information is in the form of 
Service Groups which are symptoms oriented (i.e., what 
is the failure). The complete theory of operation is in 
Service Group F and the Schematics are in Service 
Group G (last group). 


1-17. Appendix A 


1-18. The appendix has a condensed description of the 
HP-IL (Hewlett-Packard Interface Loop). 


1-19. DESCRIPTION 


1-20. The -hp- Model 3468A is a versatile multimeter 
with de and ac volts, de and ac current, and resistance 
measurement capabilities. The multimeter is excellent 
for bench use, and since it is remotely programmable, it 
can be used in measurement systems. A feature of the 
instrument is that the reading can be displayed in either 
5 1/2, 4 1/2, or 3 1/2 digits. Other features are 
Autozero (for good stability), and an AlphaNumeric Li- 
quid Crystal Display. 


1-21. Another excellent feature is Electronic Calibra- 
tion. No mechanical adjustments are necessary to 
calibrate the 3468A. 


1-22. SPECIFICATIONS 


1-23. Specifications of the 3468A are the performance 
characteristics of the multimeter which are certified. 
The specifications are listed in Table 1-1 and Table 4-1 
(in Section IV). They are the performance standards or 
limits against which the multimeter can be tested. 


1-24. INSTRUMENT AND MANUAL IDENTIFICATION 


1-25. Instrument Identification is by a serial number 
located on the multimeter’s rear panel. Hewlett- 
Packard uses a two-part serial number with the first part 
(prefix) identifying a series of instruments and the sec- 
ond part (suffix) identifies a particular instrument 
within a series. An -hp- assigned alpha character be- 
tween the prefix and suffix identifies the country in 
which the 3468A was manufactured. 
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General Information 


3468A 


Table 1-1. Specifications 


DC VOLTAGE 


Input Characteristics: 










Maximum 
Resolution 
4% Digit 









5% Digit 






100zV 
ImV 
10mV 
100mV 


+.301000V 
+3.01000V 
+30.1000V 
+301,000V 


'3V 
30v 
300Vv 






Input Resistance: 


.8V, 3V ranges: > 10! 
30V, 300V ranges: 10MQ + 1% 


Maximum Input Voltage: (non-destructive) 


Hi to Lo: 301 Vrms or 450V peak 
Hi or Lo to Earth Ground: + 500V peak 


Measurement Accuracy: 


+ (% of reading + number of counts) 
Auto-zero ON 


5% Digit Mode: 


Cal. Temp + 1°C Cal. Temp. +6°C 


Range 24 Hours 80 Day 1 Year 














.3V 0.005 +4 0.02 +5 
3V 0.0035 + 2 0.018 + 2 
30V 0.005 +3 0.02 +3 
300V 0.0055 + 2 0.02 +2 


4% and 3% Digit Mode: 


Accuracy is the same as 5% digit mode tor % of reading; use 
1 count for number of counts. 


The Cal. Temp. (Calibration Temperature) is the temperature 
of the environment where the 3468A was calibrated. Cali- 
bration should be performed with the temperature of the 
environment between 20°C and 30°C. 


Auto-Zero Off: 


(5% digit) for a stable environment (+ 1°C), for <24 hrs., add 
11 counts to accuracy specification for .3V and 30V ranges, 
3 counts for 3V and 30OV ranges. For 4% or 3% digits, 
multiply counts by 0.1. 


Temperature Costficient: 


0°C to (Cal. Temp. — 5°C),(Cal. Temp. +5°C) to 55°C 
5% digit display, auto-zero ON 
+ (% of reading + number of counts)/°C 


Range Temperature Coetficient 





0.0008 + .5 
0.0007 + .05 


-3V, 30V 
3V, 300V 





Noise Rejection: 
In dB, with 1k@ imbalance in Lo lead. AC rejection for 50, 
GOHz + 0.1%. Auto-zero ON. 





Maximum Reading Rates: (readings/sec) 


First reading is correct within .1 count of final value, when on 
correct range, triggered coincident with step input. 


The reading rates are dependent on the speed of the controller 
being used. 


Resolution 
3% Digits , 4% Digits , 5% Digits 


Line) Auto 
Frequency 





Maximum Reading Rate with 41CV: 
2 readings/sec 
Display Rate: (readings/sec) 
For 50 or 60 Hz operation 





5% Digits | 4% or 3% Digits 
Auto Zero off 4 4 
Auto Zero On 2 4 


Resistance (2-wire 2, 4-wire Q) 


Input Characteristics: 





Maximum 
Readi 







5% Digit 4% Digit ) 3% Digit 











301.000 2 100ma 

3k | 3.01000 ka 12 
30k | 30.1000 ka 10 Q 
300 k@ =| 301.000 ka 100 @ 
3MaQ_ =| 3.01000M2 1ka 
30mMa2 | 30.1000M2 10 kQ 


input Protection: (non-destructive) 


Hi source to Lo source: +350V peak 
Hi sense to Lo sense: +350V peak 
Hi or Lo to Earth Ground: + 500V peak 


Measurement Accuracy: 


+(% of reading + number of counts) 
Auto-zero ON. 4-wire ohms. 
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3468A 


General Information 


Table 1-1. Specifications (Cont'd) 





Resistance (2-wire ©, 4-wire Q) (Cont'd) 


5h Digit Mode: 
Cal, Temp = 1°C Cal. Temp. 25°C 
Range 24 Hours 90 Day 1 Year 
3000 
3k ~ 300k 
3Ma 
30ma 





2.Wire Ohms Accuracy: 


Same as 4-wire ohms, except add a maximum of 100m? off 
set. 


Auto-Zero Off: 


(5% digit) for a stable environment (+ 1°C), for < 24 hrs., ada 
11 counts to accuracy specification for 3008 range 3 counts 
for 3k@ through 300k@ ranges, 8 counts for 3MQ range, and 
33 counts for 30M@ range. 


Temperature Coefficient: 


O°C to (Cal. Temp. -5°C),(Cal. Temp. + 5°C) to 55°C 
5% digit display, auto-zero ON 


+ (% of reading + number of counts)/°C 





Range Temperature Coetticient 
3002 0.0009 + 0.5 
3k ~ 300k 0.0009 + 0.05 
3Ma 0.0021 + 0.05 
30ma 0.021 + 0.05 
Current Through Unknown: 
Range: 3002 3k 30k 300k2 3M 30Ma 
Current; 1mA 1mA 100%A = 10% 1x_—:100nA 


Maximum Open Circuit Volta 
6.5V 





Maximum Reading Rates; 


Same as de volts, except for 3M@ and 30MQ ranges. For 3MQ. 
range, add 20ms; for 30M®@ range, add 200ms per reading. 


AC VOLTAGE (true rms responding) 


Input Characteristics: 













Maximum 
Reading Resolution 
(5% Digit) 5% Digit 3h Digit 









3V .301000V 
3V 3.01000V ImV 
30V 30,1000V 10mV 
300V 301.000V 100mv 





Input Impedance: 


1M@ + 1% shunted by <6OpF 


Maximum Input Voltage: (non-destructive) 


Hi to Lo: 301Vrms or 450V peak 
Hi or Lo to Earth Ground: + 500V peak 





Measurement Accuracy: 


+(% of reading + number of counts) 

Auto-zero ON, 5% digit display. Accuracy is specified for sine- 
wave inputs only, > 10% of full scale. 

1 Year, Cal. Temp. + 5°C 

Ranges 

3¥. 30V 






Frequency 















20Hz-50Hz 1.144 102 

5OHz~ 100Hz 0.46 + 103 0.5 + 102 
100Hz— 20kHz 0.26 + 102 0.33 + 102 
20kHz ~ 50kHz 0.414 180 0.55 + 180 
5OkHz ~ 100kHz 1,05 + 825 1.26 + 825 
100kHz ~ 300kHz 10.1 + 3720 






(30V range only) 





Auto-Zero Off: 


(5% digits) for a stable environment (+1°C), for <24 hrs., 
add 10 counts to accuracy specifications for all ranges. 


Temperature Coefficient: 


O°C to (Cal. Temp. —5°C),(Cal. Temp. +5°C) to 55°C, 
5% digit display, auto-zero ON 

For frequencies <20kHz, + (0.016% of reading 
+ 10 counts)/°C 

For frequencies > 20kHz, + (0.04% of reading 
+ 10 counts)/°C 


Crest Factor: 





>4:1 at full scale, 
Common Mode Rejection: 
With 1k@ imbalance in Lo lead, > 70dB, de to 6OHz 


Maximum Reading Rates: (readings/sec) 


First reading is correct within 70 counts of final value, when on 
correct range, triggered coincident with step input. Add 0.6 
seconds for each range change 


For 50 or 6OHz operation, auto-zero ON or OFF. 
3% or 4% digits: 1.4 readings/sec 
5% digits: 1.0 readings/sec 


DC CURRENT 


Input Characteristics: 


Maximum 
Reading Resolution 
Range (5% jh 3% Digit 





3A +3.01000A ImA 


Maximum Input: (non-destructive) 
3A from <250V source; fuse protected 


Measurement Accuracy: 


+ (% of reading + number of counts) 
Auto-zero ON. 5% digit display. 






Range 





3A,<1A input 
3A,>1A input 
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General Information 


3468A 


Table 1-1. Specifications (Cont'd) 





DC CURRENT (Cont'd) 


Auto-Zero Off: 
(5% digit) for a stable environment (+ 1°C), for < 24 hrs., add 
11 counts to accuracy specification for 5% digit mode. 


Temperature Coefficient: 


O°C to (Cal. Temp. —5°C),(Cal. Temp. +5°C) to 55°C 
5% digit display, auto-zero ON 
+ (0.012 of reading + 0.5 counts)/°C 





Maximum Burden at Full Scale: 
Iv 


Maximum Reading Rates: 


Same as de volts 
AC CURRENT (true rms responding) 


Input Characteristics: 


Maximum 












.301000A 
3.01000A 


Maximum Input: (non-destructive) 


3A from <250V source; fuse protected 


Measurement Accuracy: 


+t (% of reading + number of counts) 


wave inputs only > 10% of full scale. 
1 YEAR, CAL. TEMP. +5°C 







20Hz— 50Hz 2.5 + 

5OHz— 1kHz 1.8 + 163 
TkHz-10kHz 1.7 + 163 
1OkHz — 20kHz 1.84 + 163 


Auto-zero Off: 
(5% digits) tor a stable environment (+ 1°C), for <24 hrs. 
add 10 counts to accuracy specification. 

Temperature Coefficient: 


O°C to (Cal. Temp. — 5°C), (Cal. Temp. +5°C) to 55°C. 
5% digits, auto-zero ON. 
+ (0.021% of reading + 10 counts})/°C 





Auto-zero ON. 5% digit display. Accuracy specified tor sine- 


Maximum Burden at Full Scale: 
Iv 


Crest Factor: 


>4:1 at full scale 


Maximum Reading Rates: 


Same as ac volts 


GENERAL INFORMATION 


Operating Temperature: 
0 to 55°C 
Humidity Range: 
95% R.H., 0 to 40°C 


‘Storage Temperature: 


- 40°C to 75°C 


except for battery option, 40°C to + 65°C 


Warm-up Time: 


1 hr. to meet all specifications. 


integration Time: 


sof he 








Number of Digits 
5% 166.7ms 
4% 16.67ms 
3% 2ms 


Power: 
AC Line 48 — 440Hz; 86 — 250V, (see configuration) 


Battery: (Option 001) 


Rechargeable lead-acid; minimum continuous operation for 
5 hours at 25°C; recharge time is 16 hours with 3468A off and 
36 hours with 3468A on. 


Maximum Power: 
<13VA 
Size: 


98.4mm H x 238. 1mm W x 276.2mm D 
(3.88 in H x 9.38 in W x 10.88 in D) 


Weight: 


3468A - 2.1 kg (4.63 Ibs.) 
3468A with Option 001 - 3.1 kg (6.83 ibs.) 





3468A, 


1-26. This manual applies to instruments with the serial 
number identified on the title page. Updating of the 
manual is accomplished either by a change sheet or 
revised manual. 


1-27, OPTIONS 


1-28. The following options are available for the 
3468A. 


Option 001; add Rechargable Battery Pack 
Option 315: set for 100V, 50Hz Power Source 
Option 316: set for 100V, 60Hz Power Source 
Option 325: set for 120V, 50Hz Power Source 
Option 326: set for 120V, 60Hz Power Source 
Option 335: set for 220V, S0Hz Power Source 
Option 336: set for 220V, 60Hz Power Source 
Option 345: set for 240V, 50Hz Power Source 
Option 346: set for 240V, 60Hz Power Source 
Option 910: additional set of Operators and Service 
Manuals 


General Information 


1-29. ACCESSORIES AVAILABLE 


1-30. The following is a list of available accessories tor 
the 3468A. 


Accessory 
No. Description 

10023A | Temperature Probe 

11000A_ | Test leads, dual banana both ends 

11002A | Test leads, dual banana to dual 
alligator 

11003A Test leads, dual banana to probe and 
alligator 

11096B RF Probe 

34111A High Voltage Probe 

34118A Test Leads, dual banana to probes with 
safety guard rings 

82167A | HP-IL Cable (2 each) 
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SECTION II 
INSTALLATION 


2-1, INTRODUCTION 


2-2. This section of the manual has the necessary infor- 
mation and instructions to install and interface the -hp- 
Model 3468A Digital Multimeter. Included are initial in- 
spection procedures, power requirements, environmen- 
tal information, and instructions for repacking the in- 
strument for shipment. The information in this section 
is for Service Trained Personnel. 


The information in this manual is for the use 
of Service Trained Personnel. To avoid elec- 
trical shock, do not perform any procedures 
in this manual or do any servicing to the 
3468A, unless you are qualified to do so. 


2-3, INITIAL INSPECTION 


2-4. The 3468A was carefully inspected both 
mechanically and electrically before shipment. It should 
be free of mars or scratches and in perfect electrical 
order upon receipt. The multimeter should be inspected 
for any damage that may have occurred in transit. If the 
shipping container or cushioning material is damaged, it 
should be kept until the contents of the shipment has 
been checked for completeness and the instrument has 
been mechanically and electrically checked. Procedures 
for checking the electrical performance of the 3468A are 
in Section IV. If there is mechanical damage, the con- 
tents are incomplete, or the multimeter does not pass its 
Performance Test, notify the nearest Hewlett-Packard 
Office (a list of the -hp- Sales/Service offices is located 
at the back of the manual). If the shipping container is 
damaged or the cushioning material shows signs of 
stress, notify the carrier as well as the Hewlett-Packard 
office. Save the shipping material for the carrier’s in- 
spection. 


2-5, POWER REQUIREMENTS 


2-6. The 3468A requires a power source of 100V, 120V, 
220V, or 240V ac (-10%, +5%), 48Hz to 440Hz single 
phase. The maximum power consumption is 13VA. For 
the 3468A to meet its noise and normal mode rejection 
specifications, the multimeter must be operated using a 
line frequency of either 50Hz or 60Hz (dependent on 
option). A listing of the 3468A’s power options, the cor- 
responding power line voltage, and line frequency are as 
follows: 


Option Voltage and Frequency 
Option 315 100V ac @ 50Hz 
Option 316 100V ac @ 60Hz 
Option 325 120V ac @ 50Hz 
Option 326 120V ac @ 60Hz 
Option 335 220V ac @ 50Hz 
Option 336 220V ac @ 60Hz 
Option 345 240V ac @ 50Hz 
Option 346 240V ac @ 60Hz 


Before connecting power to the 3468A, 
make sure the power source matches the 
power requirements of the multimeter, as 
marked on the option label affixed to the 
rear panel. If the instrument is incompatable 
with the available power source, go to 
Paragraph 2-7 to reconfigure the 
multimeter. 


2-7. Line Frequency and Line Voltage Selection 


2-8. The Power Line Frequency can be selected from 
the switch behind the 3468A’s rear panel. Locate the 
switch, shown in Figure 2-1, and set the switch to the 
desired power frequency (50Hz or 60Hz), as shown in 
the figure. To set the 3468A to the correct power line 
voltage, the instrument has to be first disassembled. 
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Figure 2-1. 3468A Power Frequency Switch 
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Installation 3468A 


Then, make sure that the instrument is set to the correct 
power line voltage. If it is, reassemble the 3468A. If not, 
select the jumper for the correct voltage and then 
reassemble the instrument. The procedures to disassem- 


4. Lf the 3468A does not have the optional Battery 
Charger, lift the top cover up and away from the 
instrument and set it aside. Continue with step 6. 


ble the 3468A, select the correct jumper, and reassemble 


the 3468A are in the following procedures. 





To avoid electrical shock and personal in- 
jury, make sure the multimeter is discon- 
nected from its external power source before 
removing any covers. 


a. Disassembly Procedure. Do the following: 


1. Disconnect the 3468A’s Power Cord and turn 
the instrument off. 


2. With the multimeter in the inverted position, 
locate and loosen the four screws at the bottom of 
the instrument. (Loosen the screws only enough to 
remove the top cover.) 


3. Carefully return the 3468A to the upright posi- 
tion with the front panel facing you. 


The instrument contains CMOS Integrated 
Circuits which are susceptible to failure due 
to static discharge. It is especially important 
that grounded tools and wrist straps be used 
when handling printed circuit boards. 





RED STRIPE ON 
BATTERY SUPPLY CABLE 


5. If the 3468A has the optional Battery Charger 
(Option 001), lift the top cover assembly up ap- 
proximately one inch and then place it to the left 
of the instrument, in an inerted position as shown 
in Figure 2-2. Locate the battery supply cable and 
note that it is plugged into the instrument with the 
red stripe toward the outside of the instrument 
case. Carefully unplug the battery supply cable 
from the instrument. 


6. Locate the power line select jumpers. They are 
located on the 3468A’s main printed circuit board 
at the right side of the power transformer (see 
Figure 2-4). If the jumper is in the correct posi- 
tion, go to step c to reassemble the 3468A. If the 
jumper needs to be changed, continue with step b. 


b. Power Line Jumper (J701) Selection. If the 


jumper has to be changed, the 3468A needs further 
disassembly. Do the following: 


1. Refer to Figure 2-2 and locate the inner shield 
on the 3468A’s main printed circuit board. Loosen 
and remove the mounting screw on the shield and 
then remove the shield, as shown in Figure 2-2. 


2. Refer to Figure 2-3. Loosen and remove the 
printed circuit board mounting screws, as shown 
in the figure. 


3. Remove the printed circuit board assembly by 








REMOVE SCREW 
AND SHIELD 





Figure 2-2. 3468A Top Cover Removed 
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Installation 








Figure 2-3. Top View with Inner Shield Removed 


lifting it up and out of the 3468A’s bottom 
assembly. Set the bottom assembly aside. 


To prevent leakage paths on the main 
printed circuit board, hold and/or handle 
the board by the power transformer only. 


4. Refer to Figure 2-4 and locate the power line 
jumper (J701). 


5. Obtain a low wattage (25W) soldering iron. 
Unsolder and remove the power line jumper from 
the printed circuit board. 
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Figure 2-4. Power Line Voltage Configuration 





6. Refer to Figure 2-4 and install jumper J701 into 
the holes for the desired power line voltage (the 
solder in the holes may have to be removed, before 
the jumper can be inserted into the holes). Make 
sure there is a good solder joint between the 
jumper and printed circuit board trace. The line 
voltages and corresponding jumper are as follows: 


Jumper Line Voltage 
100 90V - 105V 
120 108V - 126V 
220 198V - 231V 
240 216V - 252V 


7. Once the jumper has been replaced, place the 
printed circuit board into the bottom assembly. 


8. Reinstall the printed circuit mounting screws. 
Then reinstall the inner shield and the shield 
mounting screw. 


c. Reassemble Procedure. Do the following: 


1. If the optional Battery Charger is not installed, 
continue with step 4. If the Battery Charger is in- 
stalled, continue with the next step. 


2. Obtain the previously removed top cover 
assembly and set it next to the 3468A bottom 
assembly, as shown in Figure 2-2. 
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Installation 


3, Locate the red stripe on the battery charger 
cable. Then plug the cable into the battery charger 
socket on the main printed circuit board with the 
red stripe facing away from the center of the in- 
strument (i.e., facing to the left side of the 
3468A). The cable has to be plugged in correctly, 
or the battery can be discharged and the power 
fuse may blow. 


Make sure the battery charger cable is in the 
correct position, or the battery can be 
discharged or the power fuse may blow. 


4, Re-install the bottom assembly on the cover 
assembly insuring that the display, handle, and 
spacers fit properly into their respective locations. 
Also be sure that the battery supply cable does not 
interfere with a spacer. 


5. If the power line voltage and/or line frequency 
was changed, re-mark the option label on the 
3468A’s rear panel to reflect those changes. 


2-9. POWER CORDS AND RECEPTACLES 


2-10. Figure 2-5 illustrates the different power plug 
configurations that are available to provide power to the 


3468A 


3468A. The -hp- part number shown directly below the 
individual power plug drawing is the part number for 
the power cord set equipped with the appropriate 
mating plug for that receptacle. If the appropriate 
power cord is not included with the instrument, notify 
the nearest -hp- Sales/Service office and a replacement 
will be provided. 


2-11. HP-IL INTERFACE CONNECTIONS 


2-12. The 3468A is compatible with the Hewlett- 
Packard Interface Loop. The interface connection is 
made by a pair of two-wire balanced line cables. The 
cable is limited to 10 meters (32.8 feet) for unshielded 
cables (from one device to the next) and to 100 meters 
(328 feet) for shielded cables. A typical interface con- 
nection is in Figure 2-6. 


2-13. ENVIRONMENTAL REQUIREMENTS 





To prevent electrical fire or shock hazards, 
do not expose the instrument to rain or ex- 
cessive moisture. 
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Figure 2-5. Power Cables 
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2-14. Operating and Storage Temperature 


2-15. To meet and maintain the specifications listed in 
Table 1-1, the 3468A should be operated within +5°C 
(+9°F) of the Reference Temperature. The Reference 
temperature is the temperature in which the 3468A was 
last calibrated. For example, if the last Reference 
Temperature was 23°C (73°F), the 3468A should main- 
tain its specifications if operated within +5°C (+9°F) 
of that temperature. The factory temperature is from 
18°C to 28°C (64°F to 82°F). The 3468A may be 
operated within an ambient temperature range of 0°C to 
55°C (32°F to 131°F) with less accuracy. 


2-16. REPACKAGING FOR SHIPMENT 


OPTIONAL HP-IL 466A ] 
COMPATABLE DEVICE * | 














Figure 2-6. Typical HP-IL Interface Connection 


Installation 
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If the instrument is to be shipped to Hewlett- 
Packard for service or repair, attach a tag to 
the instrument identifying the owner and in- 
dicating the service or repair made. Include 
the model number and full serial number of 
the instrument. In any correspondence, iden- 
tify the instrument by model number and 
full serial number. If you have any ques- 
tions, contact your nearest -hp- Sales/Ser- 
vice office. 


2-17. Place the instrument in its original container with 
appropriate packaging material and secure with strong 
tape or metal bands. If the original container is not 
available, a replacement can be purchased from your 
nearest -hp- Sales/Service office. Hewlett-Packard sug- 
gests that you always insure shipments. 


2-18. If the original container is not to be used, do the 
following: 


a. Wrap the instrument in heavy plastic, before plac- 
ing in an inner container. 


b. Place packing material around all sides of the in- 
strument and protect the front panel with cardboard 
strips. 


c. Place the instrument in the inner container in a 
heavy carton. Seal the carton with strong tape or metal 
bands. 


d. Mark shipping container ‘DELICATE INSTRU- 
MENT”’, “FRAGILE”, etc. 


2-19. WHERE TO SHIP YOUR UNIT FOR REPAIR 
2-20. Inside the U.S.A. 


2-21. For fast service, return the unit along with the ser- 
vice card safely packaged directly to: 


Hewlett-Packard 
Instrument Service Center 
P.O. Box 7922 
690 Middlefield 
Mountainview, CA 94042 


2-22. Outside the U.S.A. 
2-23. Return your unit to the nearest designated 


Hewlett-Packard Sales and Service Office. Check the 
back of this manual for the address. 


2-5/2-6 











SECTION Ill 
OPERATION 


1. INTRODUCTION 


3-2. This section of the manual has the information and 
instructions for the operation of the 3468A Multimeter, 
showing front panel and remote operation. The infor- 
mation is an abbriviated description of the operation 
and is written for a Service Trained Person, rather than 
an Operator. For more complete operating instructions, 
refer to the 3468A’s Operators Manual. To familiarize 
yourself with the front and rear panel features or for a 
review of instrument operations, refer to Figure 3-1. 


3-3. The Operation Section is separated into the follow- 
ing major areas: General Information, Front Panel 
Operation, Shifted Operation, and Remote Operation 
(HP-IL). It is suggested that you read the Remote 
Operation Chapters last, since you need to know the 
other operations to understand the remote operation. 
The major areas are as follows: 


a. General Information - paragraph 3-4. 
Title Paragraph 


AC Power Operation 3 
Battery Operation 3 
Turn-On 3 
Display 3- 
Input Terminals 3. 
Miscellaneous 3 


». Front Panel Operation - paragraph 3-19 


Title Paragraph 
DC Volts Measurement 3-20 
AC Volts Measurement 3-24 
Resistance Measurement 3-28 
DC Current Measurement 3-32 
AC Current Measurement 3-36 
Ranging 3-40 
Triggering 3-45 


c. Shifted Operation - paragraph 3-49 


Title Paragraph 
General 3-50 
Number Of Digits Displayed 3-53 
Autozero 3-56 
Self-Test/Reset Operation 3-59 
Calibration 3-62 


d. Remote Operation - paragraph 3-65. 


Title Paragraph 

General 3-66 
3468A Response To Loop 
Messages 3-70 
3468A Addressing 3-91 
Talk-Only Mode (No Con- 

troller) 3-94 
3468A HP-IL Programming 3-96 
Advanced Programming 3-108 


3-4. GENERAL INFORMATION 
3-5. AC Power Operation 


3-6. Before connecting ac power to the 3468A, make 
sure the power source matches the power requirement of 
the multimeter (as marked on the option label at the rear 
panel). If the instrument is incompatible with the power 
source, refer to Section II of this manual for power re- 
quirement modification. 


3-7. Battery Operation (Option 001) 


3-8. Make sure the 3468A’s battery is charged before 
operating the multimeter in the battery mode, The max: 
imum charge current is approximately 400mA and is 
generated when the 3468A is plugged in and its power 
switch is off. The current is approximately 130mA when 
the power switch is on. The multimeter will not operate 
if the battery voltage is below approximately 5.5V 
(nominal voltage is 6V). Battery voltage can be checked 
by first pressing =-V button and then, with a probe con- 
nected to the HI INPUT terminal, touch the battery 
voltage check pad through the access hole in the bottom 
cover. 


3-9. Turn-On 


3-10. When the 3468A is first turned on, the multimeter 
goes through an Internal Test routine. During the test, 
all the display segments are lit. When the test is com- 
pleted and the 3468A passes the test, “SELF TEST 
OK” will be displayed for about one second. If the Self- 
Test fails, refer to Section VII of this manual for 
troubleshooting information. For more information on 
the Self-Test, refer to paragraph 3-59. 


3-11. Once the Self-Test is completed, the 3468A goes 
to its turn-on state which is: 


FUNCTION. 
RANGE.... 
TRIGGER.. 
AUTOZERO 
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1 )Use the measurement keys along the top row to select the 
type of measurement you want to make: 


(@)The 12 character alphanumeric display includes 12 dedicated 
annunciators. The display is read directly in engineering units, 
ie., MV for milli-volts, MOHM for Meg-ohm resistance, etc. 


If the blue key is pressed before another key, the function 
shown above that key is executed. 


These terminals are used for the voltmeter sense leads when 
making 4-wire ohms measurements. 


(5) These terminals are the voltmeter and 2-wire ohms input 
4-wire ohms source current terminals. 


This is the Amps input terminal and is used with the INPUT 
LOW terminal. (3 Amp fuse protected) 


(7) These keys are used to select special operating features of the 
3468A. The blue shift key allows for selecting the SHIFTED” 
functions of the bottom row of keys. 
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The Internal Trigger is selected by this key. In this moge, the 
3468A triggers itself. 


Autozero is a function that allows you to enable or disable the in 
ternal zero correction circuitry. 


Pressing the Single Trigger key causes the 3468A to take one 
reading and wait for the next trigger impulse. 


The Test/Reset key performs an internal self test, then resets the 
3468A to its turn-on state. Any errors in the self test are noted 
in the display. 


The front panel SRO (Service Request) key is an HP-IL opera 
tion that enables you to manually interrupt the controller. This 
key is enabled by setting the SRO mask. 


The 3468A HP-IB Address is displayed when the Address key is 
pressed. 


The Local key returns the 3468A to front panel control from the 
REMOTE mode. 





Figure 3-1. 3468A Front and Rear Panel Features 





3468A 


The 3468A features total electronic calibration. The Cal key is 
used as part of that procedure. See Section IV. 


(®The range keys are used to select the proper range for the 

measurement. Press any of the keys to select the manual 
range mode. Note the M RNG annunciator in the display. The 
Auto/Man key will return the meter to autorange 





Figure 3-1. Front and Rear Panel Features (cont'd) 


3-12. Display 


3-13. The Display is a 12 character alphanumeric Lig- 
uid Crystal Display (LCD) with 12 annunciators. The 
display is normally used to show readings, however, the 
display can also show alphanumeric messages (sent 
remotely), The four characters to the right show the 
function and the 8 characters to the left show the 
reading (e.g. +.123657 DCV). If a reading is not 
available (due to a remote programming error), ‘‘IN- 
VALID” will be displayed. An “‘OVLD” is displayed if 
the input is out of range for the selected range and func- 
tion. 


3-14. Input Terminals 


3-15. The 3468A has five Input Terminals which are: 
INPUT HI, INPUT LO, @ SENSE HI, 2 SENSE LO, 
and A (Amps) terminal. The INPUT HI and LO Ter- 
minals are used for measuring de volts, ac volts, and 
resistance in the 2-Wire Ohms configuration. Refer to 
Figure 3-2 for a typical connection. The 2 SENSE HI 
and LO Terminals (in conjunction with the INPUT Ter- 
minals) are used in the 4-Wire Ohms configuration. 
Refer to Figure 3-4 for a typical ohms connection. The 
A (Amps) Terminal with the INPUT LO Terminal is 
used to measure ac or dc current. Refer to Figure 3-3 for 
a typical current connection. 
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Figure 3-2. Typical Input Measurement Connection 


Operation 


@The “SHIFTED” functions of the range keys are used to select 
alternate numbers of display digits 


@ The Option Label shows the instrument's power option 


1) HP-IL Connector. 


@) these switches select the Talk-Only mode, Power-On SQ 
feature, correct power line frequency (50Hz or 6OHz), and Cal 
Enable, left to right respectively. 
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Figure 3-3. Typical Current Measurement Connection 


3-16. Miscellaneous 


3-17. Option Label. The 3468A has an option label on 
the rear panel to show the power source to which the in- 
strument is configured. Whenever the 3468A is re- 
configured, the option label should be changed to show 
the new power configuration (see Section II of this 
manual). 


3-18. Information Decal. An information decal show- 
ing the capabilities of the 3468A is affixed to the under- 
side of the multimeter. The decal can be used as a quick 
reference guide for the 3468A. 


3-19. FRONT PANEL OPERATION 
3-20. DC Volts Measurements 


3-21. The 3468A is able to make de volts measurements 
from luV to 300V in four ranges: .3V, 3V, 30V, and 
300V. All ranges are protected from input voltages up to 
450V peak. Select the DC Volts Function for de volts 
measurements by pressing the —y button. 
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3-22. In the DC Volts Function, ranging is done in the 
Input Circuitry of the 3468A. The result is that the input 
to the A/D Converter (which changes the voltage to 
digital information) has the same value in all ranges for 
all full scale inputs (e.g. 10V input to the A/D for .3V, 
3V, etc. inputs to the 3468A). 


3-23. When the DC Volts Function is selected, the right 
side of the display shows ‘‘VDC’’ to indicate that the 
function is selected. The resultant reading can be 
displayed either as a 5 1/2, 4.1/2, or 3 1/2 digit reading, 
dependent on the selected Number Of Digits Displayed 
(see paragraph 3-53). Refer to Table 1-1 or Table 4-1 for 
the DC Volts Function’s accuracy specifications. 


3-24. AC Volts Measurements 


3-25. The 3468A uses a True RMS AC to DC Converter 
to measure ac voltages from .03V to 300V in four 
ranges: .3V, 3V, 30V, and 300V. The response of the 
converter is from 20Hz to 100KHz on all ranges (to 
300KHz on the 30V Range only). All ranges are pro- 
tected from input voltages up to 450V peak. Select the 
AC Volts Function for ac volts measurements by press- 
ing the ~v button. 


3-26. The AC to DC Converter changes the ac input 
voltage to dc volts, which is then measured by the 
3468A’s A/D Converter. All ranging is done in the AC 
to DC Converter, applying the same voltage value to the 
A/D Converter for all full scale inputs. 


3-27. When the AC Volts Function is selected, the right 
side of the display shows ‘‘VAC”’ to indicate that the 
function is selected. The resultant reading can be 
displayed either as a 5 1/2, 41/2, or 3 1/2 digit reading, 
dependent on the selected Number Of Digits Displayed 
(see paragraph 3-53). A .6 second delay is also applied in 
the AC Volts Function before a reading is taken (also, 
during a range change). Refer to Table 1-1 or Table 4-1 
for the AC Volts Function’s accuracy specifications. 


3-28. Resistance Measurements 


3-29. The 3468A is able to make resistance 
measurements from .001 ohms to 30M ohms in six 
ranges. The ranges extend from the 300 ohm to the 30M 
ohm range. All ranges are protected from input voltages 
up to 350V peak. Resistance measurements can be made 
using either the 2-Wire or 4-Wire ohms configuration, 
which are selected by the 2 WIRE 0 and 4 WIRE 0 but- 
tons, respectively. Refer to Figure 3-4 for the correct 
ohms connections. 


3-30. Resistance measurements are made by applying a 
known current (generated by the 3468A) to the 
unknown resistance. The resultant voltage drop is then 
measured by the 3468A’s dec circuitry (Input Circuitry 
and A/D Converter). In the 2-Wire Ohms Function, the 
voltage drop is measured across the HI and LO INPUT 
Terminals. In the 4-Wire Ohms Function, the voltage is 
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measured across the HI and LO Q SENSE Terminals. 
The Ohms Current Source generates the known current 
which is applied to the unknown resistance (in both 
ohms functions) from the HI INPUT Terminal. The 
current values are as follows: 


Range Current 
300 ohm lmA 
3K ohm lmA 


30K ohm 100uA 
300K ohm 10uA, 
3M ohm uA 
30M ohm -luA 








UNKNOWN, 
RESISTANCE 
Rx 











UNKNOWN 
RESISTANCE 
Rx 


3abo 3-4 





4-WIRE OHM MEASUREMENT 








Figure 3-4. Ohms Connections 


3-31. When an Ohms Function is selected, the right side 
of the display shows either “‘OHM’’, ‘“KOHM”’, or 
‘“*MOHM”’, dependent on the range selected. In addi- 
tion, the ‘‘2”’ annunciator is on for the 2-Wire Ohms 
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Function and the **4{2”’ annunciator is on for the 4-Wire 
Ohms Function. The ohms reading can be displayed 
either as a 5 1/2, 4 1/2, or 3 1/2 digit reading, depend- 
ent on the selected Number Of Digits Displayed (see 
Paragraph 3-53). A .02 second or a .2 second delay is 
also applied before each reading in the 3M ohm and 
30M ohm Range, respectively. Refer to Table 1-1 or 
Table 4-1 for the Ohms Function’s accuracy specifica- 
tions. 


NOTE 


The 3468A will show a negative resistance if 
small negative voltages exist on the circuit 
under test, or the Ohms Sense and Input 
Leads are reversed from each other, This on- 
ly happens in the 4-Wire Ohms Function. 


3-32. DC Current Measurements 


3-33. The 3468A can make de current measurements 
from 10uA to 3A in one range: 3A. The range is pro- 
tected from excessive currents and voltage by a 3A 250V 
fuse. Select the DC Current Function to measure de cur- 
rents by pressing the = a button. 


3-34. In the DC Current Function, the current is ap- 
plied between the INPUT LO and A Terminals. Since a 
known value resistor (.1 ohm) is connected between the 
terminals, a voltage proportional to the unknown cur- 
rent and the resistor is generated. This voltage is 
measured by the 3468A’s de circuitry (Input Circuitry 
and A/D Converter). 


3-35. When the DC Current Function is selected, the 
right side of the display shows ‘‘ADC”’ showing the 
function selected. The readings can be displayed either 
asa 51/2, 4 1/2, or 3 1/2 digit reading, depending on 
the selected Number Of Digits Displayed (see paragraph 
3-53), Refer to Table 1-1 or Table 4-1 for the DC Cur- 
rent Function’s accuracy specifications. 


The current function is protected by a fuse 
of 250 V rating. To avoid damage to the 
Multimeter, current sources having open cir- 
cuit voltages greater than 250 V (dc + peak 
ac) must not be connected to the A (amps) 
input terminal. 


NOTE 


Current inputs of greater than 1 amp may 
cause internal heating of the multimeter 
which, if sustained for more than 30 
seconds, may cause inaccuracies. Allow suf- 
ficient time for the circuitry to settle after 
measurement is complete and before other 
critical measurements are made. 
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3-36. AC Current Measurements 


3-37. The 3468A can make ac current measurements 
from 30mA to 3A in two ranges: 300mA and 3A. The 
frequency response is from 20Hz to 20KHz. The ranges 
are protected from excessive currents and voltage by a 
3A 250V fuse. Select the AC Current Function to 
measure ac currents by pressing the ~ A button. 


3-38. The AC Current Function is similar to the DC 
Current Function (see paragraph 3-32); a voltage drop 
across a resistor is measured. The difference is that the 
resultant ac voltage is changed from ac to de using the 
AC to DC Converter. Similar to the AC Volts Function, 
all ranging is done in the converter. 


3-39, When the AC Current Function is selected, the 
right side of the display shows ‘““AAC”’, showing the 
function selected. The readings can be displayed either 
asa 5S 1/2, 4 1/2, or 3 1/2 digit reading, dependent on 
the selected Number Of Digits Displayed (see paragraph 
3-53). Refer to Table 1-1 or Table 4-1 for the AC Cur- 
rent Function’s accuracy specifications. 


3-40. Ranging 


3-41. The 3468A has two range modes: Manual and 
Autorange. Manual ranging is selected by pressing the 
AUTO/MAN button (if the 3468A is in Autorange) or 
by pressing either the <> or <} buttons. The ‘“M 
RNG” annunciator on the display then turns on. The 
following explains the different range modes. 


3-42. Uprange. The 3468A upranges to the next higher 
range each time the <> button is pressed. The highest 
selectable range depends on the function selected (e.g. 
300V for the AC Volts and DC Volts Functions). If a 
function is selected with its highest range lower than the 
previous range, the multimeter defaults to the new 
highest range. 


3-43. Downrange. The 3468A downranges to the next 
lower range each time the <¥ button is pressed. The 
lowest selectable range depends on the function selected 
(e.g. .3V for the DC Volts Function). If a function is 
selected with its lowest range higher than the previous 
function, the multimeter defaults to the new lowest 
range. 


3-44, Autorange. The 3468A selects the optimum range 
when this mode is selected. The mode is selected when 
the 3468A is first turned on or by pressing the 
AUTO/MAN button (if in Manual Range). When 
Autorange is enabled, the 3468A upranges when the 
reading is at or above +30100 and downranges at or 
below + 027000. The numeric range points are irrespec- 
tive of decimal placement. Refer to Figure 3-5 for the 
autorange points (the example is for the DC Volts Func- 
tion; other functions are similar). 


3-5 





Operation 
a 3 
s SY 8 
FP oS 
Ak 
of fe a 
% v v 
| DOWNRANGE PosNTs 
suuy ' — 
30V ' — i 
RANGE 3y bk 


UPRANSE POIN 





INPUT LEVEL $465 5-5 





"Figure 3-5. Autoranging Points 


3-45. Triggering 


3-46. The 3468A has two tigger modes: Internal and 
Single. The following paragraphs explain the trigger 
modes. 


3-47, Internal Trigger. In this mode, the measurement 
cycle is internally initiated and the 3468A makes the 
measurements at the maximum reading rate. The Inter- 
nal Trigger is selected at instrument turn on or by press- 
ing the INT/TRIG button. 


3-48. Single Trigger. In this mode, a measurement cycle 
is initiated each time the SGL/TRIG button is pressed. 
When the button is initially depressed, the 3468A in- 
itiates a measurement cycle and then places the 
multimeter in the Single Trigger mode. The ‘“‘S TRG” 
annunciator on the display also turns on, when the 
SGL/TRG button is pressed. If the button is pressed 
during a measurement cycle (while in the Single Trigger 
mode), the 3468A starts a new measurement cycle. 
When the cycle is completed, a new cycle can then be in- 
itiated by pressing the button. 


NOTE 


When the 3468A is in the Single Trigger 
mode and an attempt is made to change 
range or function, the left portion of the 
display goes blank (except for the decimal 
point) until another reading is taken (instru- 
ment triggered). 
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3-49. SHIFTED OPERATION 
3-50. General 


3-51. The Shifted Operation of the 3468A is used to ex- 
pand the capabitities of the multimeter using the same 
number of front panel pushbuttons. This is done by us- 
ing the bottom row of front panel buttons for two dif- 
ferent operations, shifted and unshifted. An unshifted 
operation (AUTO/MAN, INT/TRIG, etc.) is normally 
selected by pressing a single button. A shifted operation 
is done by first pressing the blue “‘SHIFT”’ button (on 
the right end of the upper row of buttons) and then 
pressing one button (on the lower row). To select a new 
shifted operation, press the blue button again and the 
button for the new operation. Table 3-1 lists the shifted 
operations and corresponding buttons. The shifted 
operations are also shown in blue lettering above the 
buttons. 


3-52. When the blue Shift button is pressed, the 
“SHIFT” annunciator on the display is on. The annun- 
ciator remains on until a different button is pressed. 


Table 3-1. Shifted Operations 
















calibration mode 


3-53. Number Of Digits Displayed 


3-54. The 3468A can display readings in either 5 1/2, 4 
1/2, or 3 1/2 digits. The 5 1/2, 4 1/2, and 3 1/2 digits 
can be selected by first pressing the blue Shift button 
and then either the AUTO/MAN, <> , or <} button, 
respectively. 


3-55. The Number Of Digits Displayed affects the 
reading rate of the multimeter. This is because the 
number of digits determines the integration time of the 
A/D Converter. In the 4 1/2 digit mode, the integration 
time is 1/60 second (or 1/50 second for the 50Hz op- 
tion), which is called 1 PLC (Power Line Cycle). In the 
3 V4 digit mode, the time is 1/600 second (for both 60Hz 
and 50Hz options), which is .1 PLC. In the 5 % digit 
mode, the 3468A takes 10 readings using the 4 % digit 
mode and averages them together for an extra digit of 


Shifted Select Description of | 
Operation Button Operation 
3 Digit (Disp) | AUTO/MAN] Selects 3 Digits Displayed (see 
paragraph 3-53). 
4 Digit (Disp) a Selects 4 Digits Displayed (see 
paragraph 3-53) 
5 Digit (Disp) Y Selects 5 Digits Displayed (see 
paragraph 3-53). 
AUTOZERO INT/TRIG Turns Autozero on or off (see 
paragraph 3-56) 
TEST/RESET | SGL/TRIG | Places the 3468A into its Inter- 
nal Test Mode (see paragraph 
3-59) 
ADRS SRO | Displays, the 3468A’s current 
HP-IL Address. Code (see 
Paragraph 3-92) 
CAL LOCAL Places the 3468A into the 


Se 











| 
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resolution. This takes a time of 1/6 second (or 1/5 sec- 
ond in the 50 Hz option) which is 10 PLC. For more in- 
formation on the integration time and the A/D Con- 
verter, refer to this manuals Section VII (chapter on the 
A/D Converter theory of operation). 


3-56. Autozero 


3-57. The Autozero Function of the 3468A is used to 
compensate for offsets that may be present in the 
multimeter’s internal circuitry (DC/Ohms Input 
Amplifier, A/D Converter, etc.). The method used is to 
temporarily connect the input of the input amplifier to 
ground (INPUT LO Terminal) and take a measurement 
(the INPUT HI Terminal is open at this time). The off- 
set reading is then stored into the 3468A’s internal 
memory. After that, the short is removed and a regular 
input measurement is made. The offset reading is then 
subtracted from the input reading and the compensated 
reading is displayed. 


3-58. The Autozero feature is enabled when the 3468A 
is turned on and after doing a Self-Test (see Paragraph 
3-59). The feature can be disabled by pressing the blue 
Shift button and then the INT/TRIG button. The ‘AZ 
OFF”’ annunciator on the display will light, showing 
that the function is off. After the function is turned off, 
the multimeter immediately takes an offset reading and 
stores it into memory. This last reading is then sub- 
tracted from the input measurements that follow. Since 
no more offset readings are taken, the reading rate of 
the 3468A is faster (up to twice as fast). If a range, func- 
tion, or digit change is made, or an attempt is made to 
calibrate the 3468A, a new offset reading is taken. With 
Autozero off, the 3468A’s input circuitry remains in a 
static state. This is useful when making measurements in 
extremely high impedance circuits where the internal 
switching transients of the 3468A may affect the reading 
accuracy. 


NOTE 


The 3468A’s long term stability may be af- 
fected, if the Autozero feature is disabled. 


3-59. Self-Test/Reset Operation 


3-60. The 3468A uses an Internal Self-Test to check its 
display and internal circuitry. The multimeter goes 
through the test at turn-on and also by pressing the blue 
Shift button and then the SGL/TRG (TEST/RESET) 
button. When the test is selected, all the segments of the 
display (except the upper dots of the colons) are on for 
about five seconds. After the Self-Test is completed, the 
display indicates ““SELF TEST OK” (if the test passes) 
for about one second. The 3468A then goes back to its 
turn-on state (see paragraph 3-9), not the previous state. 
If you wish to view the message longer than normally 
displayed, hold the SGL/TRG (TEST/RESET) button 
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down and the message remains on the display. After the 
button is released, the 3468A then goes to its turn-on 
state. 


3-61. If the Self-Test fails, an error message will be 
displayed for about one second. The message is 
“ERROR dd’’, where dd is the summation of the in- 
dividual error numbers (an error number pertains to a 
test failure). This message can also be viewed longer 
than normally by holding the SGL/TRG 
(TEST/RESET) button down. The error numbers and 
corresponding failures are as follows: 


Error Number 3468A Failure 


1 Calibration RAM Error 
2 RAM Error 

4 ROM Error 

8 


A/D Converter Error 
3-62. Calibration 


3-63. The 3468A does not have any adjustments to 
calibrate the instrument; calibration is done elec- 
tronically. A known good calibration source is applied 
to the instrument and the value of the known source is 
entered into the instrument. A reading is then taken and 
compared with the entered value. A Calibration Cons- 
tant is calculated (from the entered value) to correct the 
reading to the known value, and then stored into the in- 
strument’s memory. The correct readings are then 
calculated using the constants and then displayed. 


3-64. When calibrating the 3468A, first the rear panel 
switch number 8 has to be set to CAL ENABLE (down). 
Then the calibration process becomes a simple four step 
procedure: configure the instrument to the desired func- 
tion and range, apply a known source, set the display, 
and start the calibration cycle. These steps can be per- 
formed either from the front panel or remotely. Refer to 
Section IV for further calibration procedures. 


NOTE 


The CAL ENABLE Switch on the rear panel 
should not be in the CAL/ENABLE posi- 
tion under normal use. It should only be in 
that position to calibrate the instrument. 


3-65. REMOTE OPERATION 
3-66. General 


3-67. The following paragraphs give device dependent 
information necessary to remotely operate the 3468A. 
over the Hewlett-Packard Interface Loop (HP-IL). 
Directions for mechanical interface connections to the 
HP-IL are given in Section II of this manual. 
Familiarize yourself with the front panel operation 
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(local) before attempting to use the multimeter in 
remote (HP-IL). 


3-68. The Hewlett-Packard Interface Loop is a two 
wire, serial interface that permits communication from 
one device to another. A general description of the 
HP-IL is in this manual’s Appendix A. Refer to the ap- 
pendix for any non-3468A related HP-IL information. 


3-69. The following lists the different 3468A remote 
operations. Note that not all controllers will be capable 
of executing all Loop messages. Refer to the Operators 
Manual for more information on programming the 
3468A, The Operators Manual covers programming the 
3468A with BASIC language controllers such as the -hp- 
Model 85 as well as RPN language controllers such as 
the -hp-Model 41C/CV. This section assumes that the 
reader has a general understanding of programming. 


a. 3468A Response to Bus Messages (paragraph 
3-70). 


Title Paragraph 
Data 3-72 
Trigger (GET) 3-73 
Clear (DCL or SDC) 3-74 
Remote 3-75 
Local 3-76 
Local Lockout 3-77 
Clear Lockout and Set Local 3-78 
Require Service (SRQ) 3-79 
Status Byte 3-81 
Programming the SRQ Mask 3-86 
Status Bit 3-88 
Pass Control 3-89 
Abort 3-90 


b. 3468A Addressing (paragraph 3-91) and Talk 
Only Mode (paragraph 3-94). 


c. 3468A HP-IL Programming (paragraph 3-96). 


Title Paragraph 

General 3-97 

Program Codes 3-99 

Power-On SRQ 3-101 
Sending Data to the Display 3-102 
Reading Data from the 3468A 3-104 
Data Ready Feature 3-106 
Front Panel SRQ 3-107 


d. Advanced Programming (paragraph 3-108) 


Title Paragraph 
General 3-109 
Extended Ohms Operation 3-110 
Reading the Binary Status 
Byte 3-111 
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3-70. 3468A Response to Loop Messages 

3-71. The following paragraphs explain the 3468A's 
response to Loop Messages. The multimeter’s Loop 
capabilities are in Table 3-2. 


Table 3-2. 3468A’s Loop Capabilities 





Mnemonic I 
R The 3468A handshakes as a receiver 
o Handshakes as a driver to the next device 
AH Handshakes as an acceptor 
SH1 Handshakes as a source 


11,2,3,5,6 | Basic Talker, Send Status, Send Device ID, Talk 
Only and unaddressed as a Talker when ad 
dressed to Listen 


TEO No extended talker capability 

1,3 Basic Listener and unaddressed to listen when 
addressed to Talk 

LEO No extended Listener capability 

co The 3468A cannot serve as a controller 

AAI Can be autoaddressed by the controller 

AEO No extended addressing capability 

AMO No multiple addressing capability 


oc2 The 3468A responds to Device Clear and 
Selected Device Clear 


oT1 The 3468A responds to Device Trigger 

RL2 Basic Remote, Local, and Local Lockout 
capability 

SR2 Basic Service Request and Asynchronous Ser- 
vice Request capability 

PPO No Paralle! Poll capability 

Ms1 The 3468A does have Manual Service Request 
capability 

PDO No power-down capability 





DDO The 3468A does not implement Device 








Dependent Talker or Listener commands 


3-72. Data. The Data Message is used to transfer infor- 
mation between the 3468A and the controller. 


a. The message is used to send data to the multimeter 
and consists primarily of set-up information (e.g. DCV, 
30V Range, etc.). The 3468A is the Listener and the con- 
troller is the Talker. 


b. The message is also used by the controller to 
receive data from the 3468A. This includes the 
multimeter’s output (readings) and status information. 
In this case, the 3468A is the Talker and the controller is 
the Listener. 


3-73. Trigger (GET, Group Execute Trigger). The Trig- 
ger message causes the 3468A to initiate a measurement 
cycle. It is an HP-IL Trigger and triggers the multimeter 
in either trigger mode, since it has priority over the other 
trigger modes. If the 3468A is triggered during a 
measurement cycle, the cycle is aborted and a new cycle 
is initiated. The multimeter has to be programmed to 
“listen”? to execute the trigger. 


3-74. Clear (DCL or SDC: Device Clear or Selective 
Device Clear). A Clear places the 3468A into its turn-on 
state. In addition, the SRQ Mask is set to zero or octal 
200 (if the Power-On SRQ switch is on, see (paragraph 
3-101). 
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3-75. Remote. The Remote Message allows the 3468A 
to be controlled over the HP-IL. In remote, the front 
panel buttons, except the LOCAL and Front Panel SRQ 
buttons, are disabled. The Local and Front Panel SRQ 
buttons are disabled when the 3468A is in remote and 
local lockout (see paragraph 3-77). The instrument state 
in remote is determined by the local state before being 
placed in remote. The RMT annunciator on the display 
will also be on with the 3468A in remote. 


3-76. Local. This message clears the remote operation 
of the 3468A and enables its front panel operation. 
Pressing the front panel LOCAL button also places the 
multimeter in the local state (if the button has not been 
disabled by the Local Lockout Message, see next 
paragraph). 


3-77. Local Lockout. All the front panel buttons are 
disabled with this message, if the 3468A is in remote. 
The message is in effect until cleared over the HP-IL or 
power is cycled. 


3-78. Clear Lockout and Set Local. This message 
placed the 3468A into local and the Local Lockout 
Message is cleared. 


3-79. Require Service (SRQ). The Require Service 
Message (SRQ Message) is independent of all other 
HP-IL activity. The 3468A must be programmed to 
send the SRQ Message. This is done by programming 
the SRQ Mask (see paragraph 3-86). The front panel 
SRQ annunciator is on when the 3468A requires service. 


3-80. Since more than one device (on the same Loop) 
can output the SRQ Message, the devices can be polled 
by the controller (by a Serial Poll) to determine if the 
3468A (or another device) requires service. The 3468A 
then outputs a Status Byte (see paragraph 3-81) which 
shows for what reason the multimeter requires service. 


3-81. Status Byte. The Status Byte is output by the 
3468A in response to a Serial Poll. The message has the 
same information as the 3468A’s Status Register (see 
next paragraph), and sets the corresponding bit true for 
any true SRQ condition shown in Table 3-4 (whether the 
SRQ Mask is set or not). The bit is represented in Figure 
3-6. 


3-82. The 3468A can require service if any condition in 
Table 3-3 is true. Since the SRQ Mask must be set to 
output the Require Service Message (except for bit 7, 
which is set by the Power-On SRQ switch), the 3468A’s 
Status Register is used to monitor the conditions. This 
way, only the condition that is set by the mask outputs 
the SRQ Message. Other true conditions that can cause 
an SRQ Message, but which are not set in the SRQ 
Mask, remain in the Status Register as a true condition. 
They will not cause the SRQ Message to be output. For 
example, suppose the Front Panel SRQ condition is the 
only one set in the SRQ Mask. If the Data Ready condi- 
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lion is true, but not Front panel SRQ, no SRQ Message 
is output (the Status Register’s Data Ready bit is true). 
The only way the SRQ Message is output is if the Front 
Panel SRQ condition is true. Both the Front panel SRQ 
bit and the Data Ready bit will then be true in the Status 
Register. 


Table 3-3. Status Byte Definitions 








Octal | Decimal | Bit Definitions 

Code | Code 

001 1 | 0 | Data Ready - indicates to the controller that 
measurement data is ready to be output, 
The Require Service Message and bit is 
cleared when the controller begins to accept 
the data or when the reading is no longer 
available. See paragraph 3-110. 

002] 2 | 1 | This bit will be true if the 3468A receives an 
invalid combination of range and function 
codes. The bit will be cleared when a valid 
combination is selected. 

004 4 2 | Syntax Error - This shows that an invalid Pro- 


gram Code(s) has been sent to the 3468A 
(e.g. F9). 

010 8 | 3 | Internal Error - Shows that a failure in the 
3468A is detected. This may be a failure in 
the Self-Test Routine (see paragraph 3-56), 
the A/D Converter, or a checksum error in 
the Calibration RAM (checked every time a 
reading is taken). More information can be 
obtained by reading the 3468A’s error 
register. See paragraph 3-116. 

020] 16 | 4 | Front Panel SRQ - This bit is set when the 
3468A’s Front Panel SRQ button is pressed. 
See paragraph 3-111. 

040} 32 | 5 | Invalid Calibration - When this bit is set, an 
attempt to calibrate the 3468A has failed. 

100 64 | 6 | This is the ROS bit. This bit is true only when 
the 3468A requires service from the con- 
troller. 

200} 128 | 7 | Power-On SRQ - Shows that a power-on 
reset has occurred. See paragraph 3-102. 











Note: More than one bit in the Status Byte can be true (see 
paragraph 3-83). 
































TTT 03 [b2 [01 [bo 
Power-On we | | | Data Ready 
Request Invalid Range/ 
Service Bit Function 
Invalid Calibration Syntax Error 
Front Panel SRO Internal 
Error 





Figure 3-6. Status Byte 
3-83. More than one bit in the Status Byte Message can 


be true. For example, bit 0, 2, and 4 are true (remember, 
bit 6 is true for any RQS condition, if the SRQ Mask is 
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set for the condition) making the resultant Status Byte 
looks like the following: 


b? bo 


oft fof: fo] ifo 


NOTE 























A “I”? in this example shows a true 
condition. 


3-84. The byte is output as shown in the previous exam- 
ple with the corresponding octal number of the example 
at 125 (shown as follows). 


01 aT 101 
aes 


3-85. The Status Byte together with the Service Request 
(SRQ) Mask determine when the Require Service (RQS) 
bit is to be set. Setting RQS causes SRQ to be sent on the 
HP-IL. Execution of a Serial Poll for the 3468A will 
clear SRQ and it will remain clear until another reason 
for setting RQS occurs. RQS, on the other hand, is set if 
one or more corresponding bits in the Status Byte and 
SRQ Mask are both set. RQS is cleared whenever all 
corresponding bits are not both set. A Serial Poll then, 
may cause RQS to be cleared but not in all cases. Bits 2, 
4, 5, and 7 are cleared with a Serial Poll. 


3-86. Programming the SRQ Mask. The SRQ Mask 
must be set for the 3468A to output a Require Service 
Message. Setting the SRQ Mask will not set the bits in 
the Status Byte; these bits are automatically set (except 
bit 6) when any corresponding require service condition 
is true. For example, you wish to know if the multimeter 
has received an incorrect program code (Syntax Error) 
or has an internal failure (Internal Error). If the condi- 
tions are true, bits 2 and 3 of the Status Byte are set; but 
no Service Request Message is sent. The message will 
not be output until the SRQ Mask is set to the cor- 
responding bits of the Status Byte (which are are bits 2 
and 3). Since the mask is to be set in octal, the resultant 
code for the bits is ‘‘14’’. The mask is set by sending 
“‘Mdd’’, where dd is the octal code for the bits. 


3-87. Only bits 0 to 5 can be set by programming the 
SRQ Mask. Bit 6 of the Status Byte is set whenever the 
Require Service Message is output and bit 7 is set by the 
Power-On SRQ switch on the rear panel (see paragraph 
3-101). Because of this, only a two digit octal code (00 to 
77) can be sent to program the mask. The mask can be 
cleared by sending: ‘‘M00’’. Remember, the mask is on- 
ly set to output a Require Service Message (not the 
Status Byte) for a certain SRQ condition. 
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3-88. Status Bit. The 3468A does not respond to a 
Parallel Poll. The Status Bit is used only for Parallel 
Poll and should not be confused with the bits in the 
Status Byte Message. 


3-89. Pass Control. The 3468A does not have controller 
capabilities. 


3-90. Abort (Interface Clear), All HP-IL communica- 
tion is terminated (including the 3468A’s Loop com- 
munication). Control is returned to the controller. The 
Abort Message does not remove the 3468A from remote 
control. 


3-91. 3468A Addressing 


3-92. Each device in the loop is assigned an address by 
the controller. The assigned address will probably be 
different than the factory preset address. The 3468A, 
for example, has a preset address of 22. The address 
permits the controller to specify or select a particular 
device in the loop when sending commands. Addresses 
are assigned sequentially around the loop in the direc- 
tion of information flow. The first device in the loop, 
after the controller, is assigned an address of 1. The sec- 
ond device in the loop is assigned an address of 2, and so 
on around the loop until all devices have been address- 
ed. If the 3468A is the only device in the loop with the 
controller, it will be assigned an address of 1. 


3-93, Refer to Figure 3-7. It shows a controller and four 
devices with their basic capabilities, assigned loop ad- 
dresses, and the direction of information flow. 
Remember that the controller automatically assigns ad- 
dresses to devices in the loop. 


3-94. Talk-Only Mode (No Controller) 


3-95. The 3468A’s Talk-Only Mode allows the 
multimeter to send measurement data to an external 
device (like a printer) without a Loop controller. The 
multimeter is placed into the Talk-Only Mode by setting 
switch 1 (on the 3468A rear panel) to 1 (up). Measure- 
ment data is then output after each trigger. Function 
and range settings are selected from the front panel. 


3-96. 3468A HP-IL Programming 


3-97. General. The following paragraphs explain how 
to program the 3468A over the HP-IL. If information is 
desired using controller dependent language, refer to the 
3468A’s Operator’s Manual. 


3-98. Programming the 3468A is done by DATA 
messages. Set-up information (Range, Function, etc.) is 
DATA sent by the controller and is done using program 
codes. The DATA received by the controller (from the 
3468A) is measurement data, and as well as other data 
like the Status Byte and the 5 bytes from the Output 
Binary Status Byte. 
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Figure 3-7. HP-IL Addressing 


3-99, Program Codes. All the program codes for the 
3468A are listed in Table 3-4, The 3468A must be in 
“remote’’ and “‘listen’’ to receive the codes (the RMT 
and LSTN annunciators are on when the 3468A is in 
remote and listening). 


3-100. The Program Codes are a series of 8-bit ASCII 
characters. All lower case characters, spaces, commas, 
and semicolons are ignored (they may be used with the 
codes as separators). All null characters, carriage 
return, line feed, form feed, vertical tab, and horizontal 
tab characters are also ignored. Other characters which 
are not included in Table 3-4, cause a Syntax Error (bit 2 
in the Status Register set). In addition, a Syntax Error is 
caused if the characters are sent in a different order than 
shown in the table (e.g. ‘‘1F’’ causes a Syntax Error). 


Table 3-4. 3468A Program Codes 








Type Program Description 
Code 
FUNCTION F1 | DC Volts 


F2_ | AC Volts 

F3_ | 2-Wire Ohms 

F4 | 4-Wire Ohms 

F5 | DC Current 

F6 | AC Current 

F7 | Extended Ohms (see paragraph 
3-110) 

RANGE RI 3V, 300 Ohm, .3 Amp, Extended 
Ohms 

R2_ | 3V, 3K Ohm, 3 Amp (AC only) 

R3_ | 30V, 30K Ohm 

R4 | 300V, 300K Ohm 

R5 | 3M Ohm 

R6 | 30M Ohm 


DIGITS N3 | 3 1/2 Digits Displayea 
DISPLAYED N4 | 4 1/2 Digits Displayed 
N5 | 5 1/2 Digits Displayed 


TRIGGER T1 | Internal Trigger 
T2_ | Single Trigger 














Table 3-4. 3468A Program Codes (Cont'd) 














Type Program Description 
Code 
AUTOZERO 20 | Autozero Disabled 
21 | Autozero Enabled 
DISPLAY D1 | Normal Display Operation 
D2 | Display Text and update Annun 
ciators 
Misc 81 | Read Status of the 3468A in Binary 
COMMANDS {see paragraph 3-115) 
C | Calibrate (see Section |V of this 
manual} 
Mdd | Set SRQ Mask (Mdd, where dd is 
the octal code of the bits) 








3-101. Power-On SRQ. This feature is enabled by set- 
ting the Power-On SRQ switch to On (switch # on the 
rear panel in the up position). When the feature is en- 
abled, the 3468A Requests Service (generates an SRQ) 
each time power is cycled or a reset condition is 
generated by the instrument (e.g. due to an instrument 
failure or selecting the Self-Test). 


3-102. Sending Data to the Display. Up to 12 ASCII 
characters can be displayed at a time by the 3468A’s 
display. The legal characters are decimal 32 through 95 
of the 128 ASCII characters. Only upper case letters and 
numbers can be displayed. Lower case letters generate 
characters which do not resemble the letters. Commas, 
periods, and semicolons can go between characters. 


3-103. The display message mode is enabled by pro- 
gram code ‘D2’ (e.g. ‘*D23468A DMM’? where 
“*3468A DMM” is the message displayed). In this mode, 
the annunciators continue to be updated. If more than 
12 characters are sent to the display, the extra characters 
are ignored until a control character is received. If the 
control character is different than HT (Horizontal Tab), 
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VT (Vertical Tab), LF (Line Field), CR (Carriage 
Return), or FF (Form Feed), a Syntax Error is 
generated. A ‘‘D2”’ code locks the display until a ‘‘D1”’ 
(Selects Normal Display) is sent, a CLEAR message is 
sent, an error condition occurs, or a front panel button 
is pressed. 


3-104. Reading Data from the 3468A. Data in the form 
of readings can be output by the 3468A over the HP-IL 
(other data that can be output is discussed in later 
paragraphs). To output a reading (if available), the 
3468A has to be addressed to “‘talk’’. The readings are 
output using 13 ASCII characters and are in the follow- 
ing form. 


+ D.DDDDDE + D CR LF(EO!) 





Polarity of | Line Feed 
reading __ } with End or 
(a+”" Identify Line 

1s sent for ac Set) 
readings) 
Reading ex- Carriage 

pressed in +{ Return 
scientific 
notation (D is 
a decimal 
digit) 


3-105. Each character in the output statement (except 
EOI) is one byte, which adds up to 13. The exponent 
will be in engineering notation (E-3, E+0, E+3, or 
E +6) and the mantissa will always have 1, 2, or 3 digits 
before the decimal point (D.DDDDD, DD.DDDD, or 
DDD.DDD). If the 3468A is in the 4 1/2 or 3 1/2 Digit 
mode, the 5th and/or 6th digits will be output as zeroes. 
An overload condition (whether plus or minus) will be 
output as: +9.99999E +9. If a different output is re- 
quested (Binary, Front/Rear Switch position, etc.), the 
other output supercedes the reading. If a data transfer is 
interrupted while being output, the 3468A continues the 
output wherever it left off, when addressed again. This 
partial output (or any output) can be disabled by a 
Group Execute Trigger (GET), Clear Message (DCL or 
SDC), sending any valid program code, or pressing the 
LOCAL, SHIFT, and TEST/RESET buttons on the 
front panel. 


3-106. Data Ready Feature. The Data Ready feature of 
the 3468A, when enabled, outputs a Service Request 
Message (SRQ) after each completed measurement cy- 
cle. Before the message can be output, bit 0 of the SRQ 
Mask must be set. This is done by sending program code 
“M01” (bit 0 of the Status Byte and Status Register). 
When the Service Request Message is sent, the front 
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panel ““SRQ”’ annunciator turns on and bit O of the 
Status Byte is set. The SRQ condition remains until the 
data is read by the controller, or a Serial Poll is done. 


3-107. Front Panel SRQ. The Front Panel SRQ feature 
of the 3468A outputs a Service Request Message (SRQ) 
each time the Front Panel SRQ button is pressed. 
Before the message can be output, bit 4 of the SRQ 
Mask must be set. This is done by sending program code 
“M20” (bit 4 of the Status Byte and Status Register). 
Once this is done, the Service Request Message will be 
output and the front panel SRQ annunciator turns on, 
whenever the SRQ button is pressed. The SRQ condi- 
tion remains until a Serial Poll is done by the Con- 
troller. 


3-108. Advanced Programming 


3-109. General. The following paragraphs have ad. 
vanced programming information for the 3468A. It in- 
cludes Extended Ohms Operation and Reading the 
Binary Status Byte. 


3-110. Extended Ohms Operation. This operation (or 
function) is only available over the HP-IL and is used to 
measure resistance above 30M ohm. The function is 
selected by sending program code ‘‘F7R1’’, The 3468A 
is set ~o the 2-Wire Ohms Function and the 30M ohm 
Range. A 10M ohm resistor is connected in parallel with 
the input. Measure the internal resistor first and then 
measure the unknown resistance. The unknown 
resistance can then be calculated by this formula: 


Ri- Rt 


where Rx is the unknown resistance, Ri is the measured 
10M ohm resistor, and Rt is the measured value of the 
parallel combination. 


3-111. Reading the Binary Status Byte. The current 
state of the 3468A can be determined by reading the 
Binary Status Byte of the instrument. When program 
code ‘‘B1”’ is sent, the 3468A outputs five bytes which 
are each 8 bits wide. The corresponding meaning of the 
bits (when true) are in Table 3-5. Once the status byte is 
read, the Error Register (byte 4; see Table 3-5) will be 
cleared. However, if the error still exists and the instru- 
ment is triggered, the corresponding bit of the error will 
again be set in byte 4. 
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Table 3-5. Binary Status Byte Definition 











ition 




























Bits Function, Range, and Number Of Digits 
True Displayed 

XXXXXXO1 | 5 1/2 Digits Displayed 

XXXXXX10 | 4 1/2 Digits Displayed 

XXXXXX11 | 3 1/2 Digits Displayed 

XXX001XX | Same as R1 

XXX010XX | Same as R2 

XXX011XX | Same as R3 

XXX100XX | Same as R4 

XXX101XX | Same as RS 

XXX110XX | Same as R6 

XXX111XX | Same as R7 

001XXXxXxX | DC Volts Function 

010XXXXxX | AC Volts Function 

011XXXXxX | 2-Wire Ohms Function 

100XXXXxX | 4-Wire Ohms Function 

101XXXXxX | DC Current Function 

110XXXXX | AC Current Function 

111XXXXxX | Extended Ohms Function 













Instrument Status Bits 


1 = Internal Trigger, O= single Trigger 
1= Autorange Enabled 

1= Autozero Enabled 

1= 3468A set for 50Hz Operation 
1= Calibration RAM Enabled 

Not used (always 0) 
Not used (always 0) 
Not used {always 0) 






3 Bite SRQ Mask Bit Definition 

o 1 = Data Ready bit set for SRO on each 
complete reading 

1 1= SRQ when invalid range/function 
combination 

2 1= Syntax Error - SRQ if Syntax Error 
occurs: 

3 1 = Internal Error - SRQ if Hardware Er- 
ror occurs 

4 1 = Front Panel SRQ - SRQ if SRQ but- 
ton is pressed 

5 1= Calibration Error - SRQ if CAL pro- 
cedure failed 

6 Not used (always 0) 

7 1= Power-On SRQ - PON SRQ switch 






on last time power was turned on or 
DCL message was received 





Internal Error Information 


o Set if any of the Calibration RAM loca- 
tions have incorrect checksums or if a 
range with an incorrect checksum is 
selected 

The Main CPU RAM Self-Test has failed 
The ROM Checksum incorrect during 
Self-Test 

An AID Slope Error was detected 

Not used (always 0) 

Not used (always 0} 

Not used (always 0} 

Not used (always 0) 


nw 


Noose 


5 A/D DAC Value 











A decimal value between 0 to 63 
represents the setting of the internal 
Digital to Analog Converter iDAC). 
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SECTION IV 
PERFORMANCE TEST AND CALIBRATION 


4-1. INTRODUCTION 


4-2. This section of the manual has the Performance 
Tests and Calibration Procedures used to verify the 
3468A’s accuracy specifications, and to calibrate the 
multimeter to those specifications. A summary of the 
specifications to which the 3468A is tested and 
calibrated is listed in Table 4-1. The complete specifica- 
tions are in Table 1-1, All tests and calibrations are 
made without removing any instrument covers. 


4-3. Since Performance Tests are normally performed 
after calibration, the tests are included in the Calibra- 
tion Procedures. The procedures are set up in such a 
way that the Performance Tests can be ignored, if so 
desired. 


4-4, EQUIPMENT REQUIRED 


4-5. All required test equipment for the Performance 
Tests and Calibration Procedures are listed in Table 4-2 
(Recommended Test Equipment). The equipment used 
for the individual tests and the test procedures are also 
listed at the beginning of each test procedure. If any of 
the recommended equipment is not available, use 


substitute equipment. A short description of the re- 
quired equipment and the critical specifications 
necessary to do the test and calibration procedures is in 
the following paragraphs. This information may be 
helpful in choosing substitute equipment. 


4-6. DC Volts Test and Calibration 





4-7. The DC Volts Test and Calibration (DC Volts 
Function) requires a very accurate Digital Voltmeter 
(like the 3456A) as the Standard. The Digital Voltmeter 
must be calibrated to its 24 hour de volts specifications 
before calibrating and testing the 3468A (i.e. the 3468A 
is tested and calibrated within 24 hours after the Digital 
Voltmeter, which is used as the standard, has been 
calibrated). It is recommended that the Digital 
Voltmeter be calibrated in the same temperature en- 
vironment and leave the Digital Voltmeter in the same 
temperature environment in which the 3468A is to be 
calibrated and tested (e.g. the 3468A’s Reference 
Temperature, see Paragraph 4-39). In addition to the 
Digital Voltmeter, a DC Volts Standard is required to be 
used as a very stable voltage source. The following lists 
the required equipment and recommended models. 


Table 4-1. Abbreviated Specifications Table 


DC Volts Function (accuracy = +(% of reading + number of counts) 


AC Volts Function 1 Year Limits (accuracy = +(% of reading + number of 
counts) 





90 Day Limits 1 Year Limits 





BA<1A 
B3A>1A 


017+ 6 
1.0 + 30 


24 Hour Limits 






0.0045+ 4 

3K | 0.0035+ 2 
30K | 0.0035+ 2 
300K | 0.0035+ 2 
3M | 0.0052+ 2 
30M | 0.036 + 2 





Range 24 Hour Limits | 90 Day Limits | 1 Year Limits Frequency <3V Range =| — 3V,30V Range | 300V Range 
3V] 0.005 +4 0.009+ 5 0.02 +5 20Hz- 5OH2 | 1.14 + 163 1.14 + 102 1.18 + 102 
3V | 0.0035+ 2 0.007+ 2 0.018+ 2 5OHz-100Hz | 0.46 + 163 0.46 + 103 0.50 + 102 
30V } 0.005 +3 0.009+ 3 0.02 +3 100H2z- 20KHz | 0.29 + 163 0.26 + 102 0.33 + 102 
300V | 0.0055+ 2 0.009+ 2 0.02 +2 20KHz- 5OKHz| 0.56 + 247 0.41 + 180 0.55 + 180 
SOKHz-100KHz| 1.74 + 882 1.05 + 825 1.26 + 825 
DC Current Function (accuracy = +(% of reading + number of counts)) 10OKHz-300KHz NIA 10.1 + 3720 N/A 


‘Ohms Function (accuracy = +(% of reading + number of counts)) 






(30V Range only) 


AC Current Function 1 Year Limits (accuracy = +(% of reading + number of 
counts) 





3A Range 







Frequency 








20 Hz 50Hz 1.77 + 163 2.5 

5OHz 1KHz 1.1 + 163 1.8 + 163 
1KHz 10KHz 1.0 + 163 1.7 + 163 
1OKHz 20KHz 1.14 + 163 1.84 + 163 








1 Year Limits 


0.016 
0.016 
0.016 
0.016 
0.078 


tee tet 
RNNANG 
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Table 4-2. Recommended Test Equipment. 





























Instrument Critical Specifications Recommended Model Use* 
Digital Voltmeter Range:300mV to 300V -hp- Model 34564 PCT 
Accuracy: + .004%(30V,300V) 
+ .005%(300mV,3V) 
OC Voltage Voltage:300mV to 300V Systron Donner PCT 
Standard Accuracy: + .005% Mode! M107 
AC Calibrator Frequency:20Hz to 300KHz Fluke Model 52004 PCT 
Voltage:30mV to 300V and Model 52154 
Accuracy: + .1% 
Voltage Stability: + .02% 
ACIDE Current DC Current:1A Valhalla Model PCT 
Source Accuracy: + .03% 2500 
AC Current: 100mA to 1A 
Frequency: 1KHz to 5KHz 
Accuracy: + .1% 
Resistance Guildiine Model 
‘Standard Resistance: 100 ohm 9330/100 or PC 
Accuracy: + .0005% 9330A/100 
Resistance: 1K ohm 9330/1K or PC 
Accuracy: + .0005% 9330A/1K 
Resistance: 10K ohm 9330/10K or PC 
Accuracy: + .001% 9330A/10K 
Resistance: 100K ohm 9330/100K or PC 
Accuracy: + .001% 9330/100K 
Resistance: 1M 9330/1M PC 
Accuracy: + .01% 
Resistance: 10M 9330/10M PC 
Accuracy: + .01% 
Desktop Computer HP-IB Capability hp: Model 85. cTo 
9825,9826,9835,or 
9845 
Bus System HP-IB Control Capability hp- Model 59401 T 
Analyzer 
Oscilloscope Bandwidth:DC to 100MHz hp- Model 1740A T 
Signature Analyzer -hp- Model 50044 T 
*P=Pertormance _C=Calibration __T=Troubleshooting _O = Operator's Check 








4-8. Digital Voltmeter. The recommended Digital 


b. Within .005% full scale accuracy. 
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Voltmeter is an -hp- Model 3456A. The critical re- 
quirements are as follows: 


a. Required voltage range is from 300mV to 300V de. 


b. Accuracy and stability requirements in a 24 hour 
period are as follows: 


H 


004% for the 30V and 300V Ranges 


ta 


.005% for the 300mV and 3V Ranges 


4-9, DC Volts Standard. The DC Volts Standard 
chosen is a Systron Donner Model M107 Precision 
Voltage Source. The critical requirements are as 
follows: 


a. Output from 300mV to 300V de. 
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c. Short term stability better than .0002% per hour. 


4-10. AC Volts Test and Calibration 


4-11. For the AC Volts Test and Calibration (AC Volts 
Function) use the Fluke Model 5200A/5215A AC 
Calibrator. If the calibrator is not available, use a 
substitute calibrator that meets the requirements listed 
following this paragraph. It is suggested to acquire the 
recommended calibrator with the HP-IB (IEEE 488) op- 
tion 05 for future computerized Performance Test and 
Calibration. 


a. Frequency Response: 20Hz to 100KHz (and 
300KHz at 30V). 


b. AC Volts Range: 300mV to 300V ac. 
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c. AC Volts Accuracy: + 1% 
4-12. Ohms Test and Calibration 


4-13. The 3468A’s Ohms Function can be tested and 
calibrated in two different ways, at full scale or 1/3 
scale. If the 3468A is to be tested and calibrated at full 
scale, use three each of the recommended standard 
resistors in series to form, 3000hm, 3Kohm, etc. If the 
3468A is to be tested and calibrated at 1/3 scale, use on- 
ly one each of the recommended standard resistors. 


4-14. If the recommended resistors are not available, 
use substitutes that meet the critical requirements. If a 
substitute is not available, you may be able to use a 
calibrated decade resistor with settings that range from 
300ohm to 30Mohm or 1000hm to 10Mohm. The cor- 
rection factors on the decade resistor’s calibration chart 
must be algebraically added to the 3468A reading, to 
achieve the required accuracy. The Standard Resistors 
and critical requirements are as follows: 


a. 100 ohm, and 1K ohm Standard Resistors. Use 
the Guildline Model 9330/100 or 9330A/100 for the 300 
ohm Range, and Model 9330/1K or 9330A/I1K for the 
3K ohm Range. The accuracy requirement is + .0005% 
or better. 


b. 10K ohm and 100K ohm Standard Resistors. Use 
the Guildline Model 9330/10K or 9330A/10K for the 
30K ohm Range and Model 9330/100K or 9330A/100K 
for the 300K ohm Range. The accuracy requirement is 
+ .001% or better. 


c. IM ohm Standard Resistor. Use the Guildline 
Model 9330/1M for the 3M ohm Range with + .002% 
or better accuracy. 


d, 10M ohm Standard Resistor. Use the Guildline 
Model 9330/10M for the 30M ohm Range with + .01% 
or better accuracy. 


4-15. DC Current Test and Calibration 


4-16. The DC Current Test and Calibration requires an 
AC-DC Current Calibrator as the current source, a 
Digital Voltmeter for the standard, and a DC Volts 
Standard for a stable voltage source. The following 
paragraphs have the required equipment and recom- 
mended models. 


4-17. AC-DC Current Source. The Valhalla Model 
2500 is the recommended AC-DC Current Source. The 
critical requirements are as follows: 


a. Required current is 1A. 
b. Required accuracy is + .03%. 


4-18. Digital Voltmeter. The recommended Digital 
Voltmeter is an -hp- Model 3456A. Refer to paragraph 
4-8 for the critical requirements. 
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4-19. DC Volts Standard. The DC Volts Standard 
chosen is a Systron Donner Model M107 Precision 
Voltage Source. Refer to paragraph 4-9 for the critical 
requirements. 


4-20. AC Current Test and Calibration 


4-21. The AC Current Test and Calibration requires an 
AC-DC Current Calibrator as the current source and an 
AC Calibrator as the ac standard. The following 
paragraphs have the required equipment and recom- 
mended models. 


4-22. AC-DC Current Source. The Valhalla Model 
2500 is the recommended AC-DC Current Source. The 
critical requirements are as follows: 


a. Required current is 100mA and 1A. 
b. Required frequency response is: IKHz and SKHz 
c. Required accuracy is + .03%, 


4-23. AC Calibrator. The recommended AC 
Calibrator is a Fluke Model 5200A/5215A. Refer to 
paragraph 4-11 for the critical requirements. 


4-24. TEST CARDS 


4-25. Performance Test Cards are provided at the end 
of this section and are to be used to record the 3468A’s 
performance. It is recommended to fill out the cards 
and refer to them while doing the test. The test limits 
and set-up information are printed on the cards for easy 
reference. The cards can therefore be used as an ab- 
breviated test procedure (if you are familiar with the test 
procedures). The cards can also be used as a permament 
record and may be reproduced without written permis- 
sion from Hewlett-Packard. 


4-26. CALIBRATION CYCLE 


4-27. A periodic performance verification is required 
for the 3468A. This should be done as part of an incom- 
ing inspection test and at a 90 day or 1 year interval, 
depending on your environmental condition and ac- 
curacy requirements. 


4-28. TEST FAILURE 


4-29. If the 3468A fails any Performance Test, do the 
necessary calibration according to which test failed (e.g. 
do the DC Volts Calibration for a DC Volts Test 
failure). If only one range fails, calibrate only that 
range, otherwise calibrate the complete function (this is 
only true for the DC Volts and Ohms Functions). If the 
failure cannot be corrected by calibration, go to Section 
VII of this manual for servicing information. 


4-30. INSTRUMENT SET-UP 


4-31. Instrument set-up is specified in each test and 
calibration procedure. 
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4-32. INSTRUMENT SPECIFICATION 


4-33. Specifications are the performance characteristics 
of the instrument which are certified. These specifica- 
tions, listed in Table 1-1 and Table 4-1, are the perfor- 
mance standards or limits against which the 3468A can 
be tested. Table 1-1 also lists some supplemental 
characteristics of the 3468A and should be considered as 
additional information. 


4-34, Any changes in the specifications due to manufac- 
turing changes, design, or traceability to the National 
Bureau of Standards will be covered in a manual change 
supplement or revised manual. The specifications listed 
here supercede any previously published. 


4.35. Specification Breakdown 


4-36. The 3468A’s specifications are grouped according 
to instrument function (AC Volts, DC Volts, etc.). 
Within each group are either one, two, or three main 
sets of specifications: the 24 hour, 90 day, and | year 
limits. The limits to which the 3468A conforms depend 
on when the instrument was last calibrated. They also 
depend on the limits to which the 3468A was certified 
and also on the instrument function. The 24 hour limits 
should only be used if the instrument was calibrated 
within the last 24 hours, otherwise, the 90 day or 1 year 
limits apply. 


4-37. Each set of specifications includes an accuracy 
specification for each voltage, ohms, and current range. 
They are specified as a percentage of the reading and an 
add-on of a certain number of counts. For example, the 
24 hour full scale DC Volts Function accuracy on the 
30V Range (in the 5 Digit Display mode) is: 


+ .005% of reading + 3 counts 


giving a full scale accuracy of +.005% or (5 counts) 
plus 3 counts (or .003%), which is a total of 8 counts 
(or + .008%). (This is only true at full scale and changes 
at 1/10 scale, see next paragraph.) If for example the 4 
Digit Display mode is selected, the percentage is the 
same (.005%), but the number of counts is different and 
changes the total percentage to + .015% (.005% plus 1 
count in the 4 Digit mode is .01% which makes the total 
equal .015%). 


4-38. The number of counts also changes the accuracy 
of the 3468A at 1/10 scale. For example, the percentage 
(same Function, Range, and Digit mode) at 1/10 scale is 
still .005% at 1/10 scale. However, the number of 
counts (3) is .03% at 1/10 scale. This gives a total of 
035%, rather than .008% at full scale. 


4-39. Temperature Coefficient (Reference Temperature) 
4-40. The temperature in which the 3468A was last 
calibrated is called its Reference Temperature. To main- 


tain the 3468A’s specified accuracy, the multimeter 
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must be operated within the specified range of that 
temperature (as shown in Table 1-1). If the 3468A is 
tested or operated outside the temperature range, the 
Temperature Coefficient (listed in Table 1-1) must be 
added to the instrument’s specifications. It is recom- 
mended to calibrate the 3468A in the temperature in 
which it is to be tested and operated. 


4-41. TEST CONSIDERATION 
4-42. General 


4-43. Because the 3468A is able to make highly accurate 
dc measurements, certain requirements have to be met. 
For example, the Digital Voltmeter used to test and 
calibrate the 3468A should be good enough so that its 
errors do not introduce any significant uncertainties in 
the Performance Test and Calibration. A Voltmeter 
which is 10 times better than the 3468A nearly 
eliminates the uncertainties. Since voltmeters (or even 
standards) with these accuracies are not readily 
available, use the recommended Digital Voltmeter. 
Make sure the voltmeter has been calibrated to its 24 
hour specifications and used within 24 hours after 
calibration, before testing and calibrating the 3468A. 


4-44. Ambiguous Region 


4-45. Since the available test equipment is not an order 
of magnituide better than the 3468A, it is important to 
be aware of the uncertainties or ‘‘ambiguities’’. An ex- 
ample is in the next paragraph. 


4-46. A hypothetical case is to check the 3468A’s 3V 
full scale de accuracy with a certain standard. The 
3468A’s 90 day specification is +.01% with the stan- 
dard’s accuracy ideally +.001% (ten times better). If 
the 3468A reading is ‘‘30.0033’’ (.011% high), the 
multimeter may or may not meet the 90 day limit 
(dependent on the standard’s accuracy). If the standard 
is .001% high (30.0003V), the 3468A’s actual reading is 
“30.0030"" which is in the 90 day limit. If the standard 
output is right on, the 3468A reading is ‘‘30.0033”’ (its 
reading is high and out of tolerance). Although in both 
instances the standard is within its limits, it may show 
the 3468A to be in or out of its limits. This creates an 
Ambiguous Region, shown in Figure 4-1. The region 
gets bigger when the 3468A limits are tighter and/or the 
standard’s specifications are less accurate. The best test 
is when you know your standard’s actual limits. 
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Figure 4-1. Ambiguous Regions 
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4-47. PERFORMANCE TEST 


4-48. The Performance Test is separated into five main 
tests: DC Volts, DC Current, AC Volts, AC Current, 
and Ohms. Each step in the tests and the tests 
themselves should be done in the order they are given, 


Performance 


4-53. Test Procedure. After the 34684 has been warm- 
ed up for at least one hour, do the following: 


a. (Step #1.) Reset the 3468A by pressing the blue 
Shift button and then the SGL/TRIG (TEST/RESET) 
button. 


starting with the DC Volts Test. Allow at least a 1 hour 
warm-up time. If the 3468A has been on for less time, 
inaccuracies can result. The Performance Test is 
separated into the following tests. 


NOTE 


Resetting the 3468A, automatically places 
the instrument into the DC Volts Function, 
a. DC Volts Test - paragraph 4-49. Autorange, Internal Trigger, and 5 Digits 
Displayed. 


b. DC Current Test - paragraph 4-54. 7 
b. (Step #2.) Short the 3468A’s INPUT Terminals. 


c. AC Volts Test - paragraph 4-59. The instrument should now be on the .3V Range. 

c. Record the displayed reading on the Test Card and 
make sure the reading is within the limits shown on the 
Test Card and in Table 4-3, 


d. AC Current Test - paragraph 4-64. 


e, Ohms Test - paragraph 4-69. 


d. (Step #3, 4, and 5.) Set the 3468A to the 3V, 30V, 
and 300V Range by pressing the Uprange button once 
for each range. Record and make sure the reading on 
each range is within the specified limits. If any readings 
in this step or step c are out of the specified limits, go to 
the DC Volts Calibration Procedure in paragraph 4-86. 


4-49. DC Volts Test 


4-50. The DC Volts Test limits are printed on the DC 
Volts Test Card and in Table 4-3. The instrument set-up 
information is also printed on the test card. Each step 
on the test card corresponds to a step in the test pro- 
cedure. Because of this, each step number on the test 
card is shown in parenthesis (e.g., Step #1.) in the pro- 
cedure. 


e. (Step #6.) Remove the short from the 3468A’s IN- 
PUT Terminals and set the multimeter to the .3V 
Range. 

4-51. Unless otherwise specified, all test signals are ap- 


plied to the 3468A’s HI and LO INPUT Terminals. f. Set the DC Volts Standard for zero volts output. 


Set the Digital Voltmeter to the DC Volts Function and 


4-52. Equipment Required. The following is the re- Autorange. 


quired test equipment for the DC Volts Test. 

g. Connect the 3468A to the Digital Voltmeter and 
DC Volts Standard, as shown in Figure 4-2. Use the 
Digital Voltmeter as the standard and the DC Standard 


Digital Voltmeter (-hp- Model 3456A) 
DC Volts Standard (Systron Donner Model M107) 


Table 4-3. DC Voits Test Limits 














3468 34688 24 Hour Limits 1 Year Limits 
input Set Up high low high tow 
Short -3V| DCV |+000004v | -o00004v | +.000008v | -.oo0005v | +.000005v | -.oo000sv 
Short 3v +0.00002V | -0.00002v | +0.00002v | -0.00002v | +0.00002v | -0.00002v 
Short 30Vv +00.0003V | -00.0003V | +00.0003v | -00.0003v | +00.0003v | -00.0003Vv 
Short 300V +000.002V | -000.002v | +000.002v | -000.002v | +000.002v | ~-000.002v 

300mVv .3V +.300019V | +.299981v | +.300032v | +.299968v | +.300065V | +.299935V 

300mv 3v +0.30003V | +0.29997V | +0.30004v | +0.29996v | +0.30007v | +0.29993V 
+1V 3v +1.,00006V | +0.99994v | +1.00009vV | +0.99991v | +1.00020v | +0.99980Vv 
-1V 3v ~1,00006v | -0.99994v | -1.00009v | -0.99991v | -1.00020v | —0.99980v 
-3V 3v —3.00013v | —2.99987V | -3.00023v | -2.99977v | -3.00056v | -2.99942V 
+3V 3v +3.00013 | +2.99987V | +3.00023v | +2.99977v | +3.00056v | +2.99944V 
+3V 3V | AZ Off |+3.00016 | +2.99984v | +3.00026v | +2.99974v | +3.00059v | +2.99941V 
+3V 3V | AZ On, 

4 Digit |+3.0002v | +2.9998v +3.0003V +2.9997V +3.0006V +2.9994V 
+3V 3v | 3 Digit | +3.001V +2.999V +3.001V +2.999V +3.002V +2.998V 
+3V 30V | 5 Digit | +03.0005v | +02.9995v | +03.0006v | +02.9994v | +03.0009v | +02.9991Vv 

+10V 30V +10.0008v | +09.9992v | +10.0012v | +09.9988v | +10.0023v | +09.9977v 
+30V 30v +30.0018V | +29.9982V | +30.0030v | +29.9970v | +30.0063v | +29.9937V 
+30V 30V | AZ Off | +30.0029v | +29.9971v | +30.0041v | +29.9995v | +30.0074v | +29.9926V 
+300V 300V | AZ On | +300.019V | +299.981V | +300.029v | +299.971V | +300.062v | +299.938Vv 
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as the power supply. An example on how the Digital 
Voltmater and DC Volts Standard checks the 3468A ac- 
curacy using the multimeter’s 3V Range, is as follows: 


1. Set the 3468A to the 3V Range. 


2. Set the DC Volts Standard for an output of 
+3V. 


3. Note the reading on the Digital Voltmeter. If 
the reading is not exactly +3V, adjust the DC 
Volts Standard until the reading is exactly +3V, 
as displayed by the Digital Voltmeter. This 
reading is then the standard voltage used to check 
the 3468A reading. 


4. Make sure the 3468A reading is within its 
specified limits. Record the reading on the Test 
Card. 


NOTE 


Always uprange the 3468A before upranging 
the DC Volts Standard and always 
downrange the DC Volts Standard before 
downranging the 3468A. 
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Figure 4-2. DC Volts Accuracy Test 


h. Check the multimeter’s .3V Range full scale ac- 
curacy by setting the DC Volts Standard for an accurate 
output (as displayed on the Digital Voltmeter) of 
300mV. Check the multimeter’s reading and make sure 
it is within the specified limits. 


i. (Step #7.) Set the 3468A to the 3V Range and set 
the DC Volts Standard for an accurate output of 
+300m¥V. Check and record the reading. 


j. (Step #8.) Set the DC Volts Standard for a +1V 
output. Check and record the reading. 
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k. (Step #9.) Apply -1V to the 3468A by reversing the 
input leads. (Leave the leads in that position for the next 
step.) Check and record the reading. 


1, (Step #10.) Set the DC Volts Standard for a 3V out- 
put (-3V input to the 3468A). Check and record the 
readings. 


m. (Step #11.) Apply +3¥V to the 3468A by reversing 
the input leads. (Leave the leads in that position for the 
steps that follow.) Check and record the readings. 


n. (Step #12.) With +3V applied to the 3468A, turn 
Autozero off by pressing the blue Shift button and then 
the INT/TRIG (AUTO/ZERO) button. Check and 
record the reading. 


o. (Step #13.) Turn Autozero on by pressing the blue 
Shift button and then the INT/TRIG (AUTO/ZERO) 
button. 


p. (Step #14.) With +3V applied to the 3468A, select 
the multimeter’s 4 Digit Display mode by pressing the 
blue Shift button and then the Uprange (4) button. 
Check and record the reading. 


q. (Step #15.) Select the 3468A’s 3 Digit Display 
mode by pressing the blue Shift button and then the 
AUTO/MAN (3) button. Check and record the reading. 


r, (Step #16.) Select the 3468A’s 5 Digit Display 
mode by pressing the blue Shift button and then the 
Downrange (5) button. 


s. (Step #17, 18, and 19.) Set the 3468A to the 30V 
Range. Check the multimeter’s 1/10, 1/3, and full scale 
accuracy by setting the DC Volts Standard for accurate 
outputs of +3V, +10V, and +30V, respectively. 
Check and record the readings. Leave the +30V con- 
nected to the 3468A. 


t. (Step #20.) With +30V applied to the 3468A, turn 
Autozero off by pressing the blue Shift button and then 
the INT/TRIG (AUTO/ZERO) button. Check and 
record the reading. 


u. (Step #21.) Turn Autozero on by pressing the blue 
Shift button and then the INT/TRIG (AUTO/ZERO) 
button. 


vy. (Step #22.) Set the 3468A to the 300V Range. 
Check the full scale accuracy by setting the DC Volts 
Standard for an accurate output of +300V. Check and 
record the readings. 


w. (Step #23.) Turn the DC Volts Standard’s output 
off. Disconnect the DC Volts Standard and Digital 
Voltmeter from the 3468A. 





3468A 


x. (Step #24.) The DC Common Mode Rejection Test 
is next. Do the following: 


1, Set the 3468A to the .3V Range. 


2. Connect a 1K ohm resistor (-hp- Part No. 
0698-1021) between the 3468A’s HI and LO IN- 
PUT Terminals. 


3, Note the 3468A’s reading. 


4. With the DC Volts Standard’s output off, 
connect the standard to the 3468A as shown in 
Figure 4-3. 


5. Set the DC Volts Standard for an output of 
400V and then turn its output on. Check and make 
sure the 3468A’s reading is within .040mV of the 
reading noted in step 3. 


y. Turn the DC Volts Standard’s output off and then 
disconnect it from the 3468A. This completes the DC 
Volts Test. If any test fails, try calibrating the instru- 
ment (go to paragraph 4-86). If the test still fails, go to 
Section VII of this manual for troubleshooting. 
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Figure 4-3. DC Common Mode Rejection Test 
4-54. DC Current Test 


4-55. The DC Current Test limits are printed on the DC 
Current Test Card and in Table 4-4. Each step on the 
test card also corresponds to a step in the procedure 
with each step number shown in parenthesis in the pro- 
cedure. 


4-56. Unless otherwise noted, all test signals are applied 
to the 3468A’s A (Amps) amd LO INPUT Terminals. 
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4-57. Equipment Required. The following is the re- 
quired test equipment for the DC Current Test. 


Digital Voltmeter (-hp- Model 3456A) 
DC Volts Standard (Systron Donner Model M107) 
AC-DC Current Calibrator (Valhalla Model 2500) 


4-58. Test Procedure. Make sure the DC Volts Perfor- 
mance Test has been completed, before doing the DC 
Current Test. Also make sure the 3468A has been warm- 
ed up for at least one hour, then do the following: 


a. (Step #1.) Reset the 3468A by pressing the blue 
Shift button and then the SGL/TRIG (TEST/RESET) 
button. 


b. (Step #2.) Set the 3468A to the DC Current Func- 
tion and short the multimeter’s A (Amps) Terminal to 
the LO INPUT Terminal. 


c. Record the displayed reading on the Test Card and 
make sure the reading is within the limits shown on the 
Test Card and Table 4-4. 


d. (Step #3.) Remove the short from the A and LO 
INPUT Terminals. 


e. Set the DC Volts Standard for a +1V output. 


f. Set the Digital Voltmeter to the DC Volts Func- 
tion, 1V Range, and 6 Digit Display mode. 


g. Set the AC-DC Current Calibrator to the 1A 
Range. 


h. Connect the DC Volts Standard and Digital 
Voltmeter to the AC-DC Current Calibrator as shown 
in Figure 4-4, 


i. Connect the AC-DC Current Calibrator to the 
3468A as shown in Figure 4-3. 


j. Make sure the reading on the Digital Voltmeter is 
exactly +1V. Readjust the DC Volts Standard, if 
necessary. 


k. Check and record the reading on the 3468A. 


1. Remove the DC Volts Standard and Digital 
Voltmeter from the AC-DC Current Calibrator. 
Remove the current calibrator from the 3468A. This 
completes the DC Current Test. If any test fails, try 


Table 4-4. DC Current Test Limits 








3468A, 3468A | 3468A 90 Day 1 Year Limits 

hh Range | Set Up high low high low 
Short 3A | DCI +0.0006A —0.00006A |+0.00006A —0,00006A 
+1A 3A +1,00146A +0.99854A | +1.00176A +0.99824A 
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Figure 4-4. DC Current Accuracy Test 


calibrating the instrument (go to paragraph 4-90). If the 
test still fails, go to this manual’s Section VII for 
troubleshooting. 


4-59. AC Volts Test 


4-60. The AC Volts Test limits are printed on the AC 
Volts Test Card and in Table 4-5. Each step on the test 
card also corresponds to a step in the procedure with 
each step number shown in parenthesis in the pro- 
cedure. 


4-61. All test signals are applied to the 3468A’s HI and 
LO INPUT Terminals. 


Table 4-5. AC Volts Test Limits 























34680 3468A |3468A 

Input Range [Set Up! 
.028V,20KHz .3V | Acv|.028244V | .027756V 
0.28V,20KHz .3V .280975V | .279025V 
0.28V,20KHz 3V (0.28175V | 0.27825V 
1.5V,20KHz 3V 1.50492v | 1.49508V 
2.8V,20KHz 3v 2.80830V | 2.79170V 
2.8V,20KHz 30V 02.8175V | 02.7825V 
28V,20KHz 30V 28.0830V | 27.7170V 
28V,20KHz 300V 1028.194V | 027.806V 
280V,20KHz 300V 281.026V | 278.974V 
0.28V,50KHz 300mV .281815V | .278185V 
2.8V,50KHz 3v 2.81328V | 2.78672V 
28V,50KHz 30v 28.1328V | 27.8672V 
280V,50KHz 300V 281.720V | 278.280V 
0.28V,100KHz | 300mv .285754V | .274246V 
0.28V,100KHz 3V 10.291 19V | 0.26881V 
2.8V,100KHz 3v 2.83765V | 2.76235V 
15V,100KHz 30v 15.2400V | 14.7600V 
28V,100KHz 30V 28.3765V | 27.6235V 
280V,100KHz | 300V 284.353V | 275.647V 
28V,300KHz 30V 27.8970V | 22.1030V 
2.8V,50Hz 3Vv 2.81391V | 2.78609V 
2.8V,20Hz 3v 2.83294V | 2.76706V 
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4-62, Equipment Required. The required test equip- 
ment for the AC Volts Test is the AC Calibrator (Fluke 
Model 5200A, 5215A Option 05). 


4-63. Test Procedure, Make sure the DC Volts Perfor 
mance Tests have been completed before doing the AC 
Volts Test. Also make sure the 3468A has been warmed 
up for at least one hour, then do the following: 


a. (Step #1.) Reset the 3468A by pressing the blue 
Shift buttton and then the SGL/TRIG (TEST/RESET) 
button. 


b, (Step #2.) Set the 3468A to the AC Volts Function. 


c. Set the AC Calibrator for a .028V at 20KHz out- 
put. Connect the output of the calibrator to the INPUT 
Terminals of the 3468A. 


d. (Step #3 and 4.) Set the 3468A to the .3V Range. 
Check the 1/10 and full scale reading of the range by ap- 
plying .028V at 20KHz and .28V at 20KHz, respectively. 
Check the readings and make sure they are within the 
specified limits shown in Table 4-5 and the AC Volts 
Performance Test Card. Record the readings. 


e. (Step #5, 6, and 7.) Set the 3468A to the 3V Range. 
Check the 1/10, 1/2, and full scale accuracy of the 
range by applying 0.28V at 20KHz, 1.5V at 20KHz, and 
2.8V at 20KHz, respectively. Check and record the 
readings. 


f. (Step #8 and 9.) Set the 3468A to the 30V Range. 
Check the 1/10 and full scale accuracy of the range by 
applying 2.8V at 20KHz and 28V at 20KHz, respective- 
ly. Check and record the readings. 





3468A 


g. (Step #10 and 11.) Set the 3468A to the 300V 
Range. Check the 1/10 and full scale accuracy of the 
range by applying 28V at 20KHz and 280V at 20KHz, 
respectively. Check and record the readings. 


h. (Step #12, 13, 14, and 15.) Check the full scale ac- 
curacy of the .3V, 3V, 30V, and 300V Range by apply- 
ing .28V at SOKHz, 2.8V at SOKHz, 28V at SOKHz, and 
280V at 50KHz, respectively. Check and record the 
readings. 


i. (Step #16.) Set the 3468A to the .3V Range. Check 
the full scale accuracy of the range by applying .28V at 
100Hz. Check and record the reading. 


j. (Step #17 and 18.) Set the 3468A to the 3V Range. 
Check the 1/10 and full scale accuracy of the range by 
applying .28V at 100KHz and 2.8V at 100KHz, respec- 
tively, Check and record the readings. 


k. (Step #19 and 20.) Set the 3468A to the 30V 
Range. Check the 1/2 and full scale accuracy of the 
range by applying 15V at 100KHz and 28V at 100KHz, 
respectively. Check and record the readings. 


1, (Step #21.) Set the 3468A to the 300V Range. 
Check the full scale accuracy of the range by applying 
280V at 100KHz. Check and record the reading. 


m. (Step #22.) Set the 3468A to the 30V Range. 
Check the full scale accuracy of the range by applying 
25V at 300KHz. Check and record the reading. 


n, (Step #23 and 24.) Set the 3468A to the 3V Range. 
Check the full scale accuracy of the range by applying 
2.8V at 50Hz and then 2.8V at 20Hz. 


0. Disconnect the AC Calibrator from the 3468A. 
This completes the AC Volts Test. If any test fails, try 
calibrating the instrument (go to paragraph 4-94). If the 
test still fails, go to this manual’s Section VII for 
troubleshooting. 


4-64. AC Current Test 


4-65. The AC Current Test limits are printed on the AC 
Current Test Card and in Table 4-6. Each step on the 
test card also corresponds to a step in the procedure 
with each step number shown in parenthesis in the pro- 
cedure. 


4-66. All test signals are applied to the 3468A’s A 
(Amps) and LO INPUT Terminals. 


4-67. Equipment Required. The following is the re- 
quired test equipment for the AC Current Test. 
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AC Calibrator (Fluke Model 5200A Option 05). 
AC Calibrator (Valhalla Model 2500). 


Table 4-6. AC Current Test Limits 

















3468A 
Input high low 
.O1A,5KHz 3A ACI -010263A | .009737A 
0.14 5KHz “3A .101163A | .098837A 
1A,5KHz 1A 1.01863A |0.98137A 











4-68. Test Procedure, Make sure the AC Volts Perfor- 
mance Test has been completed, before doing the AC 
Current Test. Also make sure the 3468A has been warm- 
ed up for at least one hour, then do the following: 


a. (Step #1.) Reset the 3468A by pressing the blue 
Shift button and then the SGL/TRIG (TEST/RESET) 
button. 


b. (Step #2.) Set the 3468A to the AC Current Func- 
tion and the .3A Range. 


c. (Step #3.) Set the AC Calibrator for a 1V at SKHz 
output. 


d. Set the AC-DC Current Calibrator to the 10mA. 
Range. 


e. Connect the AC Calibrator to the AC-DC Current 
Calibrator as shown in Figure 4-5. 





AC CALIBRATOR 
FLUKE MODEL 52008 


DIGITAL MULTIMETER 
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eb oO 
ieee °gs 4 


output | 








= 


\\AC-DC CURRENT CALIBRATOR 
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Figure 4-5. AC Current Accuracy Test 
f. Connect the 3468A to the AC-DC Current 
Calibrator as shown in Figure 4-5. 
g. Check and record the 3468A’s reading. 
h. (Step #4.) Set the AC-DC Current Calibrator to 


the 100mA Range. Check and record the 3468A’s 
reading. 


49 


Performance 


i. (Step #5.) Set the 3468A and the AC-DC Current 
Calibrator to the 1A Range. Check and record the 
3468A’s reading. 


j. Remove the AC Calibrator from the AC-DC Cur- 
rent Calibrator. Remove the current calibrator from the 
3468A. This completes the AC Current Test. If any test 
fails, try calibrating the instrument (go to paragraph 
4-99). If the test still fails, go to this manual’s Section 
VII for troubleshooting. 


4-69. Ohms Test 


4-70. The Ohms Test should only be performed in the 
ohms function in which the 3468A was last calibrated. 
If, for example, the 3468A was last calibrated in the 
4-Wire Ohms Function, perform the Ohms Test in the 
4-Wire Ohms Function. If the 3468A was last calibrated 
in the 2-Wire Ohms Function, perform the Ohms Test in 
the 2-Wire Ohms Function. In addition, the same test 
connections or leads used to calibrate the 3468A in the 
2-Wire Ohms Function must also be used when testing 
the multimeter in that function. This is because the im- 
pedance of the test leads is cancelled out when the 
multimeter is calibrated (in the 2-Wire Ohms Function). 
A different set of test leads can have different im- 
pedances which show up as an ohms test error. 


4-71. The Ohms Function of the 3468A can be tested 
using either full scale or 1/3 scale inputs (e.g. 3K ohm or 
1K ohm resistors to check the 3K ohm Range). Because 
of this, both test limits are given in Table 4-7 and on the 
Ohms Performance Test Card. The test step numbers 
(on the Test Card) shown in parenthesis are for the 1/3 
scale tests. When testing the 3468A, make sure the test 
leads used to connect the standard resistor to the 
3468A’s INPUT Terminals are as short as possible. This 
is to prevent the leads from picking up any noise, which 
could give an invalid reading. 
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4-72. If the 3468A is to be tested in the 2-Wire Ohms 
Function, all test resistors are applied to the 3468A’s 
INPUT Terminals. If the 4~-Wire Ohms Function is to be 
tested, short the INPUT Terminals or connect the test 
resistors as shown in Figure 4-6 and Figure 4-7, respec- 
tively. 








0 SENSE | 
awa fas. oO 


— HI 











Figure 4-6. 4-Wire Ohms Test Connection . 


4-73. The Ohms Test limits are printed on the Ohms 
Test Card and in Table 4-7. Each step on the test card 
corresponds to a step in the procedure with each step 
number shown in parenthesis in the procedure. 


4-74. Equipment Required. The following is the re- 
quired test equipment for the Ohms Test. 


Standard Resistors: 


100 ohm + .0005%; (Guildline Model 9330/100 
or 9330A/100) 

1K ohm + .0005%; (Guildline Model 9330/1K 
or 9330A/1K) 

10K ohm + .001%; (Guildline Model 9330/10K 
or 9330A/10K) 


Table 4-7. Ohms Test Limits 


























3468 | 3468A 3468A 24 Hour Limits 90 Day Limits 1 Year Li 
Input | Range Set Up high low high Sst high stow 

Short 300 Ohms 000.004 000.000 | 000.004 000.000 /|00.0041 00.0000 
Short 3k 0.00002k | 0.00000K|0.00002k | 0.00000k | 0.0041 00.0000 
Short | 30K 00.0002K | 00.0000k|00.0002k | 00.0000K|000.005 | 000.000 
Short 300K 000.002K 000.000K | 000.002K 000.000K | 00.0002K 00.0000K 
Short 3M 0.00002M | 0.00000M| 0.00002M | 0.00000M|000.002K | 000.000K 
Short | 30M 00.0002M | 00.0000M] 00.0002m | 00.0000M]0.00002M | 0.00000m 
300 | 300 300.012 | 299.988 | 300.041 299.959 |300.056 | 299.944 
(100) 100.004 | 099.996 |100.017 | 099.983 |100.022 | 099.978 
3K 3K 3.00014K | 2.99986K| 3.00035K | 2.99965K|3.00050K | 2.99950K 
aki 1.00006K | 0.99994K|1.00013K | 0.99987K|1.00018K | 0.99982K 
30K 30K 30.0014K | 29.9986K|30.0035K | 29.9965K|30.0050k | 29.9950Kk 
(10k) 10.0006K | 09.9994K|10.0013K | 09.9987K|10.0018K | 09.9982K 
300K | 300k 300.014K | 299.986K| 300.035K | 299.965K|300.050K | 299.950K 
{100K} 100.006K 099.994K | 100.013K 099.987K | 100.018K 099.982K 
3M 3M 3.00017M | 2.99983M| 3.00035M | 2.99965M|3.00050M | 2.99950M 
(iM) 1.00007M | 0.99993M| 1.00013M | 0.99987M| 1.00018M | 0.99982M 
30M 30M 30.0110M | 29.9890M| 30.0200M | 29.9800M | 30.0236m | 29.9764M 
(10M) 10.0038M | 09.9962M| 10.0068M | 09.9932M| 10.0080M | 09.9920M 
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100K ohm + .001%; (Guildline Model 9330/ 100K. 
or 9330A/100K) 
1M ohm +.002%; (Guildline Model 9330/1M) 
10M ohm +.01%; (Guildline Model 9330/10M) 


4-75. Test Procedure. Make sure the 3468A’s DC Volts 
Tests have been done, before doing the Ohms Test. Also 
make sure the 3468A has been warmed up for at least 
one hour, then do the following: 


a. (Step #1.) Reset the 3468A by pressing the blue 
Shift button and then the SGL/TRIG (TEST/RESET) 
button, 


b. (Step #2.) Set the 3468A to the desired Ohms 
Function (see paragraph 4-70). If the 2-Wire Ohms 
Function is to be tested, short the INPUT Terminals. If 
the 4-Wire Ohms Function is to be tested, short the 
SENSE Terminals and the INPUT Terminals, as shown 
in Figure 4-6. Check the reading on the 3468A’s display 
and record the reading on the Test Card. 


c, (Step #3, 4, 5, 6, and 7.) Set the 3468A to the 3KQ, 
30KQ, 300KQ, 3MQ, and 30MQ Range by pressing the 
Uprange button once for each range. Record and make 
sure the reading on each range are within the specified 
limits. If any readings in this step and step b are out of 
the specified limits, go to the Ohms Calibration Pro- 
cedure in paragraph 4-103. 


d, (step #8.) Remove the short from the 3468A’s 
INPUT Terminals and set the multimeter to the 3000 
Range. 


e. Connect either a 3000 or 100 Standard Resistor 
to the INPUT Terminals (refer to paragraph 4-71 to 
determine the resistor value). If the 3468A is to be tested 
in the 2-Wire Ohms Function, connect the resistor to the 
INPUT Terminals. If the test is to be done in the 4-Wire 
Ohms Function, connect the resistor as shown in Figure 
4-7, 





SENSE 
awa 

















STANDARD 
RESISTER 





3468-4-/ 


Figure 4-7. 4-Wire Ohms Connections 
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f. Check and record the reading. 


g. (Step #9 through 13.) Check the 3468A’s 3KQ, 
30KQ, 300KQ, 3MQ, and 30M@ Ranges by connecting 
the following standard resistors to the multimeter’s in- 
put: 3KQ (or 1KQ), 30KQ (or 10KQ), 300KQ (or 100KQ), 
3M (or IMQ), and 30MQ (or 10MQ), respectively. 
Check and record the readings. 


h. Remove the Standard Resistors from the 3468A. 
This completes the Ohms Test. If any test fails, try 
calibrating the instrument (go to paragraph 4-103). If 
the test still fails, go to this manual’s Section VII for 
troubleshooting. 


4-76. COMBINED CALIBRATION AND PERFORMANCE 
TESTS 


4-77. General 


4-78. The following paragraphs have the 3468A’s Com- 
bined Calibration Procedures and Peformance Tests. 
The Perfomance Tests are included in the procedures 
since they are normally performed after calibration. The 
procedures are set up in such a way that the Perfor- 
mance Tests can be ignored, if so desired. 


4-79. Since the 3468A has no internal adjustments, the 
multimeter is calibrated electronically. A known good 
calibration source is applied to the 3468A’s INPUT Ter- 
minals which is used to calibrate the multimeter. Ten 
readings are then taken and the entered value of the 
calibration source is compared with the average value of 
the ten readings. A Calibration Constant is then 
calculated and stored into the calibration RAM. The 
constant is used to calculate the correct readings. 


4-80. Calibrating the 3468A 


4-81. The 3468A is calibrated by first applying a zero 
input to the instrument (i.e., INPUT terminals shorted) 
and then applying a full scale input (or in some cases, a 
1/3 scale input). When the zero input is applied, the 
3468A takes a reading and stores the resultant zero con- 
stant in its calibration RAM. When the full scale input is 
applied, the 3468A again takes a reading and stores the 
resultant gain constant into the RAM. This constant has 
to be within .955 to 1.045 or the 3468A will display an 
error message. The following is an example on how 
calibration is performed. The 3V Range in the DC Volts 
function is chosen for the example. It is suggested to go 
through the example before going to the calibration pro- 
cedures to gain an understanding on how the 3468A is 
calibrated. 


a. Set the 3468A to the DC Volts Function and the 
3V Range. Make sure the instrument is not in 
Autorange. 


b. Short the instrument’s INPUT Terminals (zero in- 
put). 
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c. Set the rear panel CAL ENABLE Switch to the 
calibration enable position (the down position, as 
shown on the rear panel). 


d. Set the multimeter to the Single Trigger mode by 
pressing the SGL/TRIG button. 


e. A zero reading, or an approximate zero reading, 
should now be displayed. In addition to the reading, 
“C:”’ is also displayed to the right of the reading (e.g. 
“*+0.00002C:”’). 


f. Press the blue Shift button and then the LOCAL 
(CAL) button. 


g. The 3468A then makes a measurement and decides 
what type of input is applied to the instrument. Since it 
is a zero input, the 3468A should now display 
+ 0.00000? VDC. (The displayed ‘‘C:”’ is replaced by a 
“py 


h, Press the SGL/TRIG (Single Trigger) button only 
once. 


i, The 3468A will display ‘+ 0.00000? CAL” for 
about five seconds and then ‘ZERO DONE” for about 
two seconds. The zero calibration constant for the DC 
Volts Function in the 3V Range is now stored in the in- 
strument’s calibration RAM. 


j. Remove the short from the 3468A and apply an ac- 
curate +3V to the INPUT Terminals. For best ac- 
curacy, use a +3V calibration source of which its exact 
value is known (e.g. +3.00015V, +2.99985V, etc.). 
This voltage must be within the range of + 2.99000V to 
+3.01000V. 


k. Press the blue Shift button and then the LOCAL 
(CAL) button. 


|. The 3468A again makes a measurement, and this 
time decides that the applied input is +3V. The display 
should now show ‘‘ + 3.00000? VDC’’. 


m. If the exact value of the calibration source is 
unknown, but the source is accurate enough to calibrate 
the multimeter, continue with step o. 


n. If the exact value of the calibration source is 
known, the 3468A can be calibrated to that value. This 
is done by setting the display to the known value. The 
thing to remember is that the display can show no more 
than +1000 counts of the absolute value. The calibra- 
tion is performed as follows: 


1. After the CAL button is pressed, the 3468A 
will display ‘‘+3.00000? VDC’’. The reading on 
the display can now be changed using the Uprange 
and Downrange buttons until the applied value 
and displayed value agree with each other. 
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2. lf the source is above +3V, press the 
3468A’s Uprange button until the displayed 
reading agrees with the source. Pressing the but- 
ton once will increment the reading by one count. 
To continue increasing the displayed reading, 
press the button repeatedly. For example, if the 
source is + 3.00015V, press the Uprange button 15 
times, until ‘‘+3.00015? VDC” is displayed. If 
the button was pressed too long and the displayed 
reading is too high, press the Downrange button 
until the values agree. 


3. If the source is below +3V, press the 
3468A’s Downrange button until the displayed 
reading agrees with the source. This operation is 
the same as using the Uprange button, except the 
displayed reading is decreased rather than increas- 
ed. For example, if the source is + 2.99985V, press 
the Downrange button until ‘*+ 2.99985? VDC” 
is displayed. 


o. Press the SGL/TRIG button once. 


p. The 3468A will display ‘‘ + 3.00000? CAL’’ for 
about five seconds, as it measures the calibration source 
and compares it to the number previously displayed 
(step | or n). If the calibration source were outside the 
limits of 2.99000 to 3.01000 volts, the ‘INV CAL SIG”’ 
error message will be displayed (refer to paragraph 
4-83c). If the source is within the limits, a ‘GAIN CON- 
STANT” is automatically calculated and stored in inter- 
nal memory. All subsequent de voltage measurements 
will be corrected by this gain constant. Consequently, 
they will be no more accurate than the accuracy of the 
calibration source itself. 


q. The message ‘‘GAIN DONE” will be displayed 
for about two seconds when the calibration process is 
completed. 


r. If there is no more calibration to be performed, set 
the 3468A’s CAL ENABLE switch to the up position. 
The instrument is now ready for use. 


NOTE 


Make sure the CAL ENABLE switch at the 
rear panel is in the ‘‘up’’ position, before 
cycling power on the instrument. 


4-82. Calibration Messages 


4-83. When calibrating the 3468A, certain messages 
may be displayed by the multimeter. The following steps 
lists the messages and also gives information on what to 
do if a certain message is displayed. 


a. ENABLE CAL - This message shows that the rear 
panel CAL ENABLE switch is not in the enable position 
(the switch is in the up position) when attempting to 
calibrate the multimeter. Make sure the switch is in the 
correct position, when attempting to calibrate. 
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b. INV CAL F&R - This message is displayed if the 
calibration constants cannot be calculated in the present 
function or range. It is most likely caused if the 3468A is 
set to an invalid range or function. 


c. INV CAL SIG - This shows that the 3468A cannot 
calibrate to the applied input signal. This message is 
displayed if the applied signal causes the 3468A to 
calculate a gain constant which is out of range (.955 to 
1.045) or an offset constant greater than 10,000 counts. 
Make sure the correct signal is applied for the selected 
function and range. 


d. INV CAL ZERO - The 3468A displays this 
message if the zero calibration constant is invalid when 
attempting to calibrate the gain. Make sure the 3468A 
has been calibrated by a correct zero signal. 


e. INV CAL NUM - This message shows that the 
number in the display is not acceptable for calibration. 
Make sure the number is within +1000 counts of 
300000 (or 100000 for 1/3 scale calibration) and also 
make sure no zero calibration is attempted with display 
not at zero, when calibrating over the HP-IL, 


f. CAL RAM BAD - This shows that the Calibration 
RAM did accept data which was written to it, but the 
data was incorrect. Redo the calibration. 


4-84, Calibration Procedures 


4-85. Each step in the procedures and the procedures 
themselves must be done in the order they are given. 
Each procedure has two parts, Calibration and Perfor- 
mance Test. The performance test part can be ignored, 
if so desired. Since, after calibration, the 3468A will 
meet its full scale 24 Hour limits, the performance test 
for full scale (or in some cases 1/3 scale) and zero inputs 
are not included. This is because the 3468A is normally 
calibrated using full scale (or 1/3 scale) and zero inputs. 
The Calibration and Performance Test Procedures are 
separated as follows: 


a. DC Volts Calibration and Test- paragraph 4-86. 

b. DC Current Calibration and Test - paragraph 
4-90. 

c. AC Volts Calibration and Test - paragraph 4-94. 

d. AC Current Calibration and Test - paragraph 
4-99, 

e, Ohms Calibration and Test - paragraph 4-103. 


4-86. DC Volts Calibration and Test 


4-87. Refer to Table 4-8 for the DC Volts Calibration 
Signals, Performance Test Signals, and Performance 
Test Limits. Each step in the table is shown in paren- 
thesis in the procedure. Unless otherwise noted, the 
calibration and test signals are applied to the 3468A’s 
INPUT Terminals. 

4-88. Equipment Required. The following is the re- 
quired test equipment for the DC Volts Calibration and 
Test. 
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Table 4-8. DC Volts Calibration and Test 











tent] 3468A | 3468A | 3468 Test Limits 
Input Range | Set Up high tow 
1 Short] .3v | Dev Cal, Cal. 
2 |+300mv |] .3v Cal. Cal. 
3 Short 3v Cal. Cal. 
4 +3V 3v Cal. Cal. 
5 [+ 300mv 3v +30003v | +0.29997V 
6 +1V 3V +1,00006V | +0,99994V 
7 -1V 3V ~1,00006v |-0.99994Vv 
8 -3V 3V - 3.00013V | - 2.99987V 
3 +3V 3v | azort | +3.00016 |+2.99984V 
10 +3V 3V | AZ On, 
1 4 Digit | +3.0002V |+2.9998Vv 
12 +3V 3v | 3Digit | +3.001V |+2.999V 
13 Short | 30V | 5 Digit Cal Cal. 
14] +30V] 30v Cal. Cal. 
15 +3V] 30V +03.0005V |+02.9995V 
16] +10v] 30v +10.0008V |+09.9992V 
17] +30v] 30v | azott | +30.0029v|+29.9971V 
18 Short | 300V | AZ On Cal. Cal. 
19 | +300v | 300v Cal. Cal. 





Digital Voltmeter (-hp- Model 3456A) 
DC Volts Standard (Systron Donner Model M107) 


4-89. Calibration and Test Procedure. After the 3468A 
has been warmed up for at least one hour, do the 
following: 


a. Reset the 3468A by pressing the blue Shift button 
and then the SGL/TRIG (TEST/RESET) button. 


NOTE 


Resetting the 3468A automatically places the 
instrument into the DC Volts Function, 
Autorange, Internal Trigger, and 5 Digits 
Displayed Mode. 


b. Set the rear panel CAL ENABLE Switch to the 
calibration enable position (the switch is in the down 
position, as shown on the rear panel). 


c. Set the multimeter to the Single Trigger Mode by 
pressing the SGL/TRIG button. 


d. (Step #1.) Short the 3468A’s INPUT Terminals. 
Set the instrument to the .3V Range (take out of 
Autorange). 


e. Press the blue Shift button and then the LOCAL 
(CAL) button. 


f. Press the SGL/TRIG (Single Trigger) button only 
once and then remove the short from the Input Ter- 
minals. 


g. Set the DC Volts Standard for zero volts output. 


h. (Step #2.) Connect the 3468A to the Digital 
Voltmeter and DC Volts Standard, as shown in Figure 
4-2. Use the Digital Voltmeter (DVM) as the standard 
and the DC Volts Standard as a stable power supply. 
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i. Set the DC Volts Standard’s output for +300mV 
and note the reading on the Digital Voltmeter. 


j. Press the blue Shift button and then the LOCAL 
(CAL) button. 


k. Using the 3468A’s Uprange and/or Downrange 
buttons, adjust the reading on the multimeter until it 
agrees with the reading on the Digital Voltmeter. 


1. Press the SGL/TRIG (Single Trigger) button once 


m, (Step #3 and 4.) Remove the Digital Voltmeter 
and the DC Volts Standard from the 3468A. Short the 
3468A’s INPUT Terminals and set the instrument to the 
3V Range. 


n. Calibrate the 3V Range (applying zero and full 
scale inputs) by using the procedure in steps e to 1. The 
only exception is that the DC Volts Standard is set for 
an output (in step i) of +3V instead of +300mV. 


o. If no performance checks for the 3V range are to 
be made, remove the DC Volts Standard and Digital 
Voltmeter from the 3468A. Continue with step q. 


p. If the performance checks for the 3V Range are to 
be made, do the following: 


1, Set the 3468A to the Internal Trigger Mode 
by pressing the INT/TRIG button. 


2. (Step #5.) Set the DC Volts Standard for a 
+ 300mV output. 


3. Using the Digital Voltmeter as the standard, 
check and make sure the 3468A reading is within 
the specified limits shown in Table 4-8. 


4. (Step #6.) Set the DC Volts Standard for a 
+1¥V output. Check the reading. 


5. (Step #7.) Apply -1V to the 3468A by revers- 
ing the input leads. (Leave the leads in that posi- 
tion for the next step.) Check the reading on the 
multimeter (per Table 4-8). 


6. (Step #8.) Apply -3V to the 3468A by setting 
the DC Volts Standard for a 3V output. Check the 
reading. 


7. (Step #9.) Apply +3¥V to the 3468A by rever- 
sing the input leads. Check the reading. 


8. With +3¥V applied to the 3468A, turn 
Autozero off by pressing the blue Shift button and 
then the INT/TRIG (AUTO/ZERO) button. 
Check the reading. 


9. (Step #10.) Turn Autozero on by pressing the 
blue Shift button and then the INT/TRIG 
(AUTO/ZERO) button. 
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10. (Step #11.) With +3¥V sull applied, select 
the multimeter’s 4 Digit Display mode by pressing 
the blue Shift button and then the Uprange (4) 
button. Check the reading. 


11. (Step #12.) Select the 3468A’s 3 Digit 
Display by pressing the blue Shift button and then 
the AUTO/MAN (3) button. Check the reading. 


12. (Step #13.) Select the 3468A’s 5 Digit 
Display by pressing the blue Shift button and then 
the Downrange (5) button. 


13. Remove the DC Volts Standard and Digital 
Voltmeter from the 3468A and set the multimeter 
back to the Single Trigger Mode (press the 
SGL/TRIG button). 


q. (Step #13 and 14.) Short the 3468A’s INPUT Ter 
minals. Set the instrument to the 30V Range. 


r. Calibrate the 30V Range (applying zero and full 
scale inputs) by using the procedure in steps e to 1. The 
only exception is that the DC Volts Standard is set for 
an output (in step i) of +30V instead of +300mV. 


s. If no performance checks for the 30V range are to 
be made, remove the DC Volts Standard and Digital 
Voltmeter from the 3468A. Continue with step u. 


t. If the performance checks for the 30V Range are to 
be made, do the following: 


1. Set the 3468A to the Internal Trigger Mode 
by pressing the INT/TRIG button. 


2. (Step #15.) Set the DC Volts Standard for a 
+3V output. 


3, Using the Digital Voltmeter as the standard, 
check and make sure the 3468A reading is within 
the specified limits shown in Table 4-8. 


4. (Step #16.) Set the DC Volts Standard for a 
+10V output. Check the reading on the 
multimeter. 


5. (Step #17.) Set the DC Volts Standard for a 
+30V output. 


6. With +30V applied to the 3468A, turn 
Autozero off by pressing the blue Shift button and 
then the INT/TRIG (AUTO/ZERO) button. 
Check and make sure the reading is within 11 
counts of the +30V calibration source. 


7. (Step #18.) Turn Autozero on by pressing the 
blue Shift button and then the INT/TRIG 
(AUTO/ZERO) button. 


8. Remove the DC Standard and Digital 
Voltmeter from the 3468A and set the multimeter 
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back to the Single Trigger Mode (press the 
SGL/TRIG button). 


u. (Step #18 and 19.) Short the 3468A’s INPUT Ter- 
minals, Set the instrument to the 300V Range. 


vy. Calibrate the 300V Range (applying zero and full 
scale inputs) by using the procedure in steps e to 1. The 
only exception is that the DC Volts Standard is set for 
an output (in step i) of +300V instead of +300mV. 


w. If no DC Common Mode Rejection Test is to be 
made, turn the output of the DC Volts Standard off and 
remove it and the Digital Voltmeter from the 3468A. 


x. If DC Common Mode Rejection Test is to be 
made, do the following: 


1, Set the 3468A to the .3V Range. 


2. Connect a 1K ohm resistor (-hp- Part No. 
0698-1021) between the 3468A’s HI and LO IN- 
PUT Terminals. 


3. Note the 3468A’s reading. 


4. With the DC Volts Standard’s output off, 
connect the standard to the 3468A as shown in 
Figure 4-3. 

5. Set the DC Volts Standard for 400V output 
and then turn its output on. Check and make sure 
the 3468A’s reading is within .040mV of the 
reading noted in step 3. 


6. Turn the DC Standard’s output off and then 
disconnect it from the 3468A. This completes the 
DC Volts Test (and Calibration). If any test fails, 
go to Section VII of this manual for troubleshoot- 
ing. 


4-90. DC Current Calibration and Test 


4-91. Refer to Table 4-9 for the DC Current Calibration 
Signals, Performance Test Signals, and Performance 
Test Limits. Each step in the table is shown in paren- 
thesis in the procedure. All test Signals are applied to 
the 3468A’s A (Amps) and LO INPUT Terminals. 


Table 4-9. DC Current Calibration and Test 


























Stop# 34688 346A | 3468A | Test Limits 
Input Range | Set Up | high | low 

1 Short 3A oc Cal. Cal. 
2 +1A 3A Cal. | Cal. 








4-92. Equipment Required. The following is the re- 
quired test equipment for the DC Current Calibration 
and Test. 


Digital Voltmeter (-hp- Model 3456A) 
DC Volts Standard (Systron Donner Model M107) 
AC-DC Current Calibrator (Valhalla Model 2500) 
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4-93. Calibration and Test Procedure. Do the follow- 
ing: 


a. Reset the 3468A by pressing the blue Shift button 
and then the SGL/TRIG (TEST/RESET) button. 


b. Make sure the rear panel CAL ENABLE Switch is 
set to the calibration enable position (the switch is in the 
down position), 


c. (Step #1.) Set the 3468A to the DC Current Func- 
uon and the 3A Range. 


d. Set the multimeter to the Single Trigger Mode by 
pressing the SGL/TRIG button. 


e. Make sure no connections are made between the A 
and LO INPUT Terminals. 


f. Press the blue Shift button and then the LOCAL 
(CAL) button. 


g. Press SGL/TRIG button once. 
h. Remove the short from the 3468A. 
i. Set the DC Volts Standard for a +1V output 


j. Set the Digital Voltmeter to the DC Volts Func- 
uon, 1V Range, and 6 Digit Display Mode. 


k. Set the AC-DC Current Calibrator to the 1A 
Range. 


1. Connect the DC Volts Standard and Digital 
Voltmeter to the AC-DC Current Calibrator as shown 
in Figure 4-4, 


m. (Step #2.) Calibrate the 3468A by doing the pro- 
cedure in steps f and g. 


n. Since the performance checks are the same as the 
calibration points, the checks are not required. Remove 
the DC Volts Standard and Digital Voltmeter from the 
AC-DC Current Calibrator and remove the calibrator 
from the 3468A. This completes the 3468A’s DC Cur- 
rent Calibration and Test. 


4-94. AC Volts Calibration and Test 


4-95. The AC Volts Function is calibrated using only 
one calibration source, 3V at IKHz. With the 3V ac 
signal applied, the 3468A determines the gain constants 
by taking a measurement in the 3V Range and 30V 
Range. The measurement in the 3V Range is a full-scale 
measurement and the 30V Range is a 1/10 scale 
measurement. The ranges are automatically selected by 
the multimeter. 


4-96. Refer to Table 4-10 for the AC Volts Calibration 
Signals, Performance Test Signals, and Performance 
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Test Limits. Each step in the table is shown in paren- 
thesis in the procedure. All test signals are applied to the 
3468A’s INPUT Terminals. 


4-97. Equipment Required. The required test equip- 
ment for the AC Volts Calibration and Test is an AC 
Calibrator (Fluke Model 5200A/5215A option 05). 


Table 4-10. AC Volts Calibration and Test 








Stepat 2468 3468A | 3468A Test Limits 

Input Range | Set Up high low 
1 3V,1KHz 3v | acv Cal Cal. 
2 | .028V,20KHz 3v 028244V | .027756V 
3 |0.28V,20KHz 3v .280975V | .279025V 
4 | 0.28V,20KHz 3v 0.28175V | 0.27825V 
5 | 1.5V,20KHz 3v 1.50492V | 1.49508V 
6 | 2.8V,20KHz 3v 2.80830V | 2.79170V 
7 | 2.8V,20KH2 30V 02.8175V | 02.7825V 
8 28V,20KHz 30V 28.0830V | 27.7170V 
9 28V,20KHz 300V 028.194V | 027.806V 


10 280V,20KHz 300V 281.026V | 278.026V 


11° |0.28V,50KHz | 300mVv 081815V | .278185V 
12 2.8V,50KHz 3Vv 2.81328V | 2.71328V 
13 28V,50KHz 30V 28.1328V | 27.8672V 


14 280V,50KHz 300V 
15 | 0.28V,100KHz | 300mV 
16 | 0.28V,100KHz 3V 
7 2.8V,100KHz 3v 
18 15V, 100KHz 30V 
19 28V,100KHz 30V 
20 280V,100KHz 300V 


281.720V | 278.280V 
285754V | .274246V 
0.29119V | 0.26881V 
2.83765V | 2.76235V 
15.2400V | 14.7600V 
28.3765V | 27.6235V 
284.353V | 275.647V 

















21 25V,300KHz 30V 27.8970V | 22.1030V 
22 2.8V,50Hz 3V 2.81391V | 2.78609V 
23 2.8V,20Hz 3V 2.83294V | 2.76706V 








4-98. Calibration and Test Procedure. Do the follow- 
ing: 


a. Reset the 3468A by pressing the blue Shift button 
and then the SGL/TRIG (TEST/RESET) button. 


b. Make sure the rear panel CAL ENABLE Switch is 
set to the calibration enable position (the switch is in the 
rear position). 


c. (Step #1.) Set the 3468A to the AC Volts Function 
and the 3V Range. 


d. Set the multimeter to the Single Trigger Mode by 
pressing the SGL/TRIG button. 


e. Set the AC Calibrator for a 3V at 1KHz output 
and connect it to the 3468A’s INPUT Terminals. 


f. Press the blue Shift button and then the LOCAL 
(CAL) button. 


g. Using the 3468A’s Uprange and/or Downrange 
buttons, adjust the reading on the multimeter until it 
agrees with the output value of the AC Calibrator (if the 
output value is known). 


h. Press the SGL/TRIG button once. 
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i. If no performance checks are to be made, remove 
the AC Calibrator from the 3468A. AC Volts Calibra- 
tion is now completed. 


j. (Step #2.) If the performance checks are to be 
made, set the AC Calibrator for a .028V at 20KHz out- 
put. Set the 3468A to the .3V Range. Check the reading 
on the multimeter and make sure it is within the 
specified limits (per Table 4-10). 


k. (Step #3.) Do the same as in the previous step by 
applying .28V at 20KHz to the multimeter. 


I. (Step #4, 5, and 6.) Set the 3468A to the 3V Range. 
Check the 1/10, 1/2, and full scale accuracy of the 
range by applying .28V at 20KHz, 1.5V at 20KHz, and 
2.8V at 20KHz, respectively. Check the readings. 


m. (Step #7 and 8.) Set the 3468A to the 30V Range. 
Check the 1/10 and full scale accuracy of the range by 
applying 2.8V at 20KHz and 28V at 20KHz, respective- 
ly. Check the readings. 


n. (Step #9 and 10.) Set the 3468A to the 300V 
Range. Check the 1/10 and full scale accuracy of the 
range by applying 28V at 20KHz and 280V at 20KHz, 
respectively. Check the readings. 


o. (Step #11, 12, 13, and 14.) Check the full scale ac- 
curacy of the .3V, 3V, 30V, and 300V Range by apply- 
ing .28V at SOKHz, 2.8V at SOKHz, 28V at 50KHz, and 
280V at SOKHz, respectively. 


p. (Step #15.) Set the 3468A to the .3V Range. Check 
the full scale accuracy of the range by applying .28V at 
100KHz. Check the reading. 


q. (Step #16 and 17.) Set the 3468A to the 3V Range. 
Check the 1/10 and full scale accuracy of the range by 
applying .28V at 100KHz and 2.8V at 100KHz, respec- 
tively. Check the readings. 


r. (Step #18 and 19.) Set the 3468A to the 30V Range. 
Check the 1/2 and full scale accuracy of the range by 
applying 15V at 100KHz and 28V at 100KHz, respec- 
tively. Check the readings. 


s. (Step #20.) Set the 3468A to the 300V Range 
Check the full scale accuracy of the range by applying 
280V at 100KHz. Check the reading. 


t. (Step #21.) Set the 3468A to the 30V Range. Check 
the full scale accuracy of the range by applying 25V at 
300KHz. Check the reading. 


u. (Step #22 and 23.) Set the 3468A to the 3V Range. 
Check the full scale accuracy of the range by applying 
2.8V at SOHz and then 2.8V at 20Hz. 


y. Disconnect the AC Calibrator from the 3468A 
This completes the AC Volts Calibration and Test. 
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4-99. AC Current Calibration and Test (Optional) 


4-100. Since the DC Current and AC Volts Calibration 
has been performed, no AC Current Calibration is 
necessary. If there is any doubt about the accuracy of 
the AC Current Function, the function can be checked 
using the Optional AC Current Calibration and Test 
Procedures in the following paragraphs. Refer to Table 
4-11 for the Performance Test Signals and Performance 
Test Limits. Each step in the table is shown in paren- 
thesis in the procedure. All test signals are applied to the 
A (amps) and LO INPUT Terminals. 


Table 4-11. AC | Calibration and Test 








4-101. Equipment Required. The following is the re- 
quired test equipment for the AC Current Calibration 
and Test. 


AC Calibrator (Fluke Model 5200A Option 05) 
AC-DC Current Calibrator (Valhalla Model 2500) 


4-102. Calibration and Test Procedure. Do the follow- 
ing: 


a. Reset the 3468A by pressing the blue Shift button 
and then the SGL/TRIG (TEST/RESET) button. 


b. (Step #1.) Set the 3468A to the AC Current Func- 
tion and the .3A Range. 


c, Set the AC Calibrator for a 1V at SKHz output. 


d, Set the AC-DC Current Calibrator to the 10mA 
Range. 


e. Connect the AC Calibrator to the AC-DC Current 
Calibrator as shown in Figure 4-5. 


f. Check the 3468A’s reading. 


g. (Step #2.) Set the AC-DC Current Calibrator to 
the 100mA Range. Check the 3468A’s reading. 


h. (Step #3.) Set the 3468A to the 3A Range. Set the 
AC-DC Current Calibrator to the 1A Range. Check the 
3468A’s reading. 

i, Remove the 3468A and the AC Calibrator from the 
AC-DC Current Calibrator. This completes the AC 
Current Calibration and Test. 

4-103. Ohms Calibration and Test 


4-104. The 3468A’s Ohms Function can be calibrated in 


Performance 


either the 2-Wire or 4-Wire Ohms Function. It cannot 
be calibrated in both. Make sure the multimeter is 
calibrated in the function which will be used. If the 
3468A is to be calibrated in the 2-Wire Ohms Function, 
connect the Standard Resistors to the 3468A’s INPUT 
Terminals. If the 3468A is to be calibrated in the 4-Wire 
Ohms Function, connect the Standard Resistors as 
shown in Figure 4-7. 


4-105. Refer to Table 4-12 for the Ohms Calibration 
Signals, Performance Test Signals, and Performance 
Test Limits. Each step in the table is shown in paren- 
thesis in the procedure. All test signals are applied to the 
INPUT Terminals. The 3468A can be calibrated either 
at full scale or 1/3 scale. Both the full scale and 1/3 in- 
put values are given in Table 4-12 and the Performance 
Test Card. The 1/3 scale input values are given in paren- 
thesis. 


Table 4-12. Ohms Calibration and Test 

















Step | 34684 | 34688 | 3478A | Test Limits 
Imput__| Range | Set Up | high | low 

1 Short 300 Ohms | Cal. | Cal. 
2 300 300 Cal. | Cal. 
(2) | (00) 300 Cal. | Cal. 
3 Short 3K Cal. | Cal. 
4 3K 3k Cal. | Cal 
(4) (1K) 3K Cal. | Cal. 
5 Short 30K Cal. | Cal. 
6 30K 30K Cal. | Cal. 
(6) | (10K) 30K Cal. | Cal 
7 Short | 300K Cal. | Cal. 
8 300k | 300K Cal. | Cal. 
(8) | (100K) | 300K Cal. | Cal. 
9 Short 3M Cal. | Cal. 
10 3M 3M Cal. | Cal. 
qo) | (iM) 3M Cal. | Cal. 
11 | Short 30M Cal. | Cal. 
12 | 30M 30M Cal. | Cal. 
(12) | (om) 30M Cal. | Cal. 








4-106. Equipment Required. The following is the re- 
quired test equipment for the Ohms Calibration and 
Test. If the 3468A is to be calibrated at 1/3 scale, use 
one of the following recommended standard resistors. If 
the 3468A is to be calibrated at full scale, use three each 
of the recommended standard resistors to form 3K ohm, 
30K ohms, etc. 


100 ohm + .0005%; (Guildline Model 9330/100 
or 9330A/100) 
1K ohm + .0005%; (Guildline Model 9330/1K 
or 9330A/1K) 
10K ohm + .001%; (Guildline Model 9330/10K 
or 9330A/10K) 
+.001%; (Guildline Model 9330/100K 
or 9330A/100K) 
1M ohm + .002%; (Guildline Model 9330/1M) 
10M ohm +.01%; (Guildline Model 9330/10M) 


100K ohm 


4-107. Calibration and Test Procedure. Do the follow- 
ing: 
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a. Reset the 3468A by pressing the blue Shift button 
and then the SGL/TRIG (TEST/RESET) button. 


b. Make sure the rear panel CAL ENABLE Switch is 
set to the calibration enable position (the switch is in the 
down position). 


c. (Step #1.) Set the 3468A to the Ohms Function and 
the 3002 Range. 


d. Set the multimeter to the Single Trigger Mode by 
pressing the SGL/TRIG button. 


e. Short the 3468A’s INPUT Terminals. If the 
4-Wire Ohms Function is to be calibrated, short the ter- 
minals as shown in Figure 4-6. 


f. Press the blue Shift button and then the LOCAL 
(CAL) button. 


g. Press the SGL/TRIG button once. 


h. (Step #2.) Connect the 3002 or 1002 Standard 
Resistor to the 3468A’s INPUT Terminal. If the 4-Wire 
Ohms Function is to be calibrated, connect the resistor 
as shown in Figure 4-7. 


i. Press the blue Shift button and then the LOCAL 
(CAL) button. 


j. Press the SGL/TRIG button once. 


k. (Step #3 and 4.) Set the 3468A to the 3KQ Range 
and calibrate the range using zero and full scale (or 1/3 
scale) inputs. Use the same procedures in steps d 
through i, except use a 3KQ (or 1KQ) resistor instead of 
a 3002 (or 1002) resistor. 


1, (Step #5 and 6.) Set the 3468A to the 30KQ2 Range 
and calibrate the range using zero and full scale (or 1/3 
scale) inputs. Use the same procedures in steps d 
through i, except use a 30KQ (or 10KQ) resistor instead 
of a 300 (or 100Q) resistor. 


m. (Step #7 and 8.) Set the 3468A to the 300KQ 
Range and calibrate the range using zero and full scale 
(or 1/3 scale) inputs. Use the same procedures in steps d 
through i, except use a 300KQ (or 100KQ) resistor in- 
stead of a 3000 (or 100Q) resistor. 


n. (Step #9 and 10.) Set the 3468A to the 3MQ Range 
and calibrate the range using zero and full scale (or 1/3 
scale) inputs. Use the same procedures in steps d 
through i, except use a 3MQ (or 1MQ) resistor instead of 
a 3000 (or 100Q) resistor. 


o. (Step #11 and 12.) Set the 3468A to the 30MQ 
Range and calibrate the range using zero and full scale 
(or 1/3 scale) inputs. Use the same procedures in steps d 
through i, except use a 30MQ (or 10MQ) resistor instead 
of a 3002 (or 1009) resistor. 
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p. Since the points checked in the Performance Test 
are the same points that where calibrated, no Perfor- 
mance Test is required. Set the rear panel CAL 
ENABLE switch to the up position. This completes the 
Ohms Calibration and Test. 


4-108. REMOTE CALIBRATION 
4-109. General 


4-110. The 3468A can be remotely calibrated using the 
HP-IL (Hewlett-Packard Interface Loop). In remote 
calibration, a computer is used to set-up the 3468A to 
the required range, function, and calibration mode in- 
stead of doing it from the instrument’s front panel. 


4-111, Remote calibration uses the same test equipment, 
including hook up to the 3468A, as is used in local calibra- 
tion. In addition, both remote and local calibration pro- 
cedures are basically the same in that zero scale and full 
or % scale calibration signals are used. It is therefore 
helpful to know how to calibrate 3468A locally. Read the 
calibration procedures in paragraphs 4-80 to 4-107 before 
attempting to calibrate remotely. 


4-112, The following paragraph has an example on how 
to remotely calibrate the 3468A. In the example, the 
3468A is calibrated on the 3V by remotely sending the 
appropriate program codes. Then the value of the calibra- 
tion signal is remotely sent to the 3468A’s display. Once 
this is done, the program code to calibrate the instrument 
is sent. The example shows how to send the program 
codes using an -hp- Model 85A Desktop Computer and 
an -hp- Model 41CV Handheld Programmable 
Calculator. It is assumed that you know how to program 
the 3468A using the 85A or 41CV., For information on 
programming the 3468A, refer to the 3468A Operator’s 
Manual or Section III of this manual. 


4-113. Remote Calibration Example 


4-114. Connect the 3468A to the HP-IL and make sure 
it is the first instrument in the loop after the HP-IL con- 
troller (i.e., 85A or 41CV). Then turn the controller off 
and-on. This insures that the 3468A HP-IL address is 


cp 


4-115. With the 3468A turned on, set the CAL ENABLE 
switch (switch 8) on the instrument’s rear panel to down. 
A “C” should now appear on the right end of the 
numbers in the 3468A’s display indicating that calibra- 
tion is enabled. Calibrate the instrument on the 3V Range 
in the DC Volts Function by doing the following steps. 
Each step is separated into two sections with the first sec- 
tion showing how to calibrate using the 85A and the other 
using the 41CV. The 3468A is calibrated by applying zero 
volts and 3V or 1V calibration signals. Do the following. 


a. The 3468A is set to Remote and Listen and then pro- 
gram codes “*FIR2N5Z1T1”’ are sent to the instrument. 
This sets the 3468A to the DC Volts Function (Fl), 3V 
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Range (R2), 5 2 Digit Displayed (NS), Autozero On (Z1), 
and Internal Trigger (T1). 


i Model 85A. 
OUTPUT 901 ;**FIR2NSZ1T1” 


The "OUTPUT 901” statement sets the 3468A to Remote 
and Listen, and ‘‘FIR2NSZ1T1” are the program codes 
sent to the instrument. 


2. Model 41CV. 
Step# Action 


Press XEQ button 

Press ALPHA button 

Enter REMOTE” from keyboard 
Press ALPHA button 

Press ALPHA BUTTON 

Enter ‘‘FIR2N6Z1T1”’ from keyboard 
Press ALPHA button 

Press XEQ button 

Press ALPHA button 

Enter ‘‘“OUTA”’ from keyboard 
Press ALPHA button 


F Seesaw aen 


Steps 1 through 4 set the 3468A to Remote 
and Listen. Steps 5 through 7 enter program 
codes ‘‘FIR2NSZITI’’ into the ALPHA 
register. Steps 8 through 11 output the 
ALPHA register which sends the program 
codes to the 3468A. 


b. After the 3468A is set up to the desired function 
and range, apply the zero volts calibration signal to the 
instrument. This is done by shorting the HI and LO IN- 
PUT Terminals. Once this is performed, the value in the 
3468A display has to be set to the value of the calibra- 
tion signal (i.e., OV). This is done by sending program 
codes ‘*D2 + 000000’. Code ‘‘D2” enables the display 
to receive ‘‘000000”’. Since the 3468A is calibrated in the 
5% Digit Mode, make sure that six zeroes (i.e., 
“000000’’) are sent instead of just one zero. Also, the 
“+? between D2 and 000000 needs to be there for the 
display to accept the numbers correctly. 


1. Model 85A. 

OUTPUT 901 ;**D2 + 000000” 
2s Model 41C. 
Step# Action 


1. Press ALPHA button 

2. Enter ‘*D2+000000” from keyboard 
3, Press ALPHA button 

4, Press XEQ button 

5. Press ALPHA button 

6. Enter ““OUTA” from keyboard 

7. Press ALPHA button 
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Steps 1 through 3 enter program codes 
“D2 + 000000” into the ALPHA register and 
steps 4 through 7 output the ALPHA register 
which sends the codes to the 3468A. 


ce. The 3468A is now calibrated by sending program 
code “‘C’’ to the instrument. The instrument will then 
display ““CAL’’, while it is calculating the zero offset 
calibration constant. When finished, ‘‘ZERO DONE” 
will be displayed for about two seconds. Zero calibra- 
tion is then completed. 


1, Model 85A. 

OUTPUT 901: *“e* 
2. Model 41CV. 
Step# Action 


Press ALPHA button 

Enter “‘C”’ from keyboard 
Press ALPHA button 

Press XEQ button 

Press ALPHA button 

Enter “OUTA”’ from keyboard 
Press ALPHA button 


PUN A Bie 


Steps 1 through 3 enter program code “*C” 
into the ALPHA register and steps 4 through 
7 output the ALPHA register which sends the 
code to the 3468A. 


d. After zero calibration is completed, apply either a 
full scale (3V) or % scale (1V) calibration signal to the 
3468A’s INPUT Terminals. Then set the display to the 
applied value. Since in this example the applied value is 
2.99998V, send program codes ‘‘D2 + 2.99998" to the 
3468A. 


I, Model 85A. 

OUTPUT 901 ;**D2+2.99998”" 
2 Model 41CV. 
Step# Action 


Press ALPHA button 

Enter “‘D2 + 2.99998” from keyboard 
Press ALPHA button 

Press XEQ button 

Press ALPHA button 

Enter ‘‘OUTA”’ from keyboard 
Press ALPHA button 


NAY een 


Steps 1 through 3 enter program codes 
“D2 + 2.99998” into the ALPHA register and 
steps 4 through 7 output the ALPHA register 
which sends the codes to the 3468A. 
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e. The 3468A is now calibrated by sending program 
code ‘‘C”’ to the instrument. The instrument will then 
display ‘“CAL”’, while it is calculating the 3V gain calibra- 
tion constant. When finished, “GAIN DONE”’ will be 
displayed for about two seconds. The gain calibration is 
then completed. 


1, Model 85A. 
OUTPUT 901 5c” 


25 Model 41CV. 


Stepi# Acuon 
1, Press ALPHA button 
2. Enter “‘C” from keyboard 
3. Press ALPHA button 
4. Press XEQ button 
5, Press ALPHA button 
6, Enter ““OUTA”’ from keyboard 
7. Press ALPHA button 


Steps 1 through 3 enter program code **C’’ 
into the ALPHA register and steps 4 through 
7 output the ALPHA register which sends the 
code to the 3468A. 
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f. The 3V Range in the DC Volts Function is now 
calibrated. Calibration of the rest of the ranges and func- 
tions is done the same way by calibrating with zero and 
full or % scale inputs. When calibrating at full or % scale, 
make sure the display gets the correct information. For 
example, to calibrate the gain by applying 1V, send pro- 
gram codes ‘‘D2 + 1.00000’’ to the 3468A. The decimal 
point included in the number sent to the 3468A (i.e., 
+ 1.00000, + 3.00000. etc.) is not necessary. It is only in- 
cluded to show the value of the calibration voltage to 
which the 3468A is calibrated. 


7-116. Remote Calibration Exceptions 


7-117. In remote calibration, as is in local calibration, 
there are certain exceptions. These are as follows: 


a. No calibration is required for the AC Current Func: 
tion if the AC Volts and DC Current Functions are 
calibrated. If AC Current calibration is performed, it can 
only be done at full scale (.3A) on the .3A Range. 


b. Full scale or % scale calibrations can be perform- 
ed in all functions except the AC Volts Function (and AC 
Current, see previous paragraph). The AC Volts Func- 
tion is calibrated only at full scale on only the 3V Range. 





PERFORMANCE TEST CARD 


24 HOUR LIMITS 








Hewlett-Packard Model 3468A Test Performed By 
Digital Multimeter Date ___ 
Serial Number ___ So Reference Temperature 


OC Volts Test 











Step? Input to Set-Up and High Reading Low Test Test 
34688 Configuration Limit Limit Pass Fait 
1 Open Press TEST/RESET — a 
Zz Short -3V Range +.000004V —— ~,000004V o_ == 
3 Short 3V Range +0.00002V 2 -0.00002V == ae 
4 Short 30V Range +00.0003V a - 00.0003 = —, 
5 Short 300V Range +000.002V a= -000.002v ea —s 
6 + 300mv -3V Range +.300019V — +.299981V == ae 
7 +300mv 3V Range +0.30003V —— +0.29997V = = 
8 +1V 3V Range + 1.00006V +0.99994V a oo 
9 -1V 3V Range - 1,00006V aaa 0.99994v = = 
10 3Vv 3V Range 3.00013V — -2.99987V = - 
" +3V 3V Range +3.00013V — +2.99987V = a 
12 +3V Autozero Ott +3.00016V s== +2.99984V — —_ 
13 Autozero On 
14 +3V 4 Digit Disp + 3.0002V == +2.9998V 
15 +3V 3 Digit Disp +3.001V Ws +2.999V a = 
16 5 Digit Disp 
7 +3V 30V Range +03.0005v = +02.9995v -_ = 
18 +10V 30V Range +10.0008V — +09.9992V az _— 
19 +30V 30V Range +30.0018V == +29,.9982V — a2 
20 +30V Autozero Off +30.0029V —— +29.9971V oan _ 
21 Autozero On 
22 + 300V 300V Range +300.019V — +299.381V _ = 
23 Open 3V Range 
24 See Below CMR Test 
CMR Test 


1 Connect 4 1K ohm resistor between the HI and LO INPUT Terminals of the 34684 
2. Note the 3468A’s reading. 

3. Apply 400V dc between the 3468A’s Hi INPUT and the Power Line Ground. 

4. The 3468A should remain within O40mV of the reading in step 2. 
































PERFORMANCE TEST CARD 
90 DAY LIMITS 
Hewlett-Packard Model 34684 Test Pertormed By 
Digital Multimeter Date. 
Serial Number_ — Reference Temperature 
DC Volts Test 
Step# Input to Set-Up and High Reading tow Test Test 
3468A Limit Limit Pass Fail 
1 Open Press TEST/RESET a a 
2 Short -3V Range + .000005V —— ~.000005V a, |f 
3 Short 3V Range +0.00002V ae -0.00002V — — 
4 Short 30V Range +00.0003V == = 00.0003V == ets 
5 Short 300V Range +000.002V a -000.002V a = 
6 + 300mv -3V Range +.300032V Saas +.299968V es - 
7 +300mv 3V Range +0.30004V — +0.29996V a 
8 +1V 3V Range +1,00009V ——— +0.99991V : = 
3 -1v 3V Range - 1.00009V — -0.99991V _ 
10 “3V 3V Range ~3,00023V a ~2.99977V 7 
” +3V 3V Range +3,00023V ——— +2.99977V 
12 +3V Autozero Off +3.00026V — +2.99974V 
13 Autozero On 
14 +3V 4 Digit Disp +3.0003V +2.9997V 
15 +3V 3 Digit Disp +3.001V _ +2.999V == 
16 5 Digit Disp 
7 +3V 30V Range + 03.0006 a +02,9994V = 
18 +10V 30V Range +10.0012V =e +09.9988V a 
19 +30V 30V Range +30.0030V ——— +29.9970V =o 
20 +30V Autozero Off +30.0041V = +29.9959V 
21 Autozero On 
22 + 300V 300V Range + 300.029V a +299.971V 
23 Open .3V Range _ 
24 See Below CMR Test = 
CMR Test 
1, Connect @ 1K ohm resistor between the HI and LO INPUT Terminals of tne 3468A 
2. Note the 3468's reading 
3. Apply 400V de between the 3468's HI INPUT and the Power Line Ground. 
4. The 3468A should remain within .040mV of the reading in step 2. 


























PERFORMANCE TEST CARD 
1 YEAR LIMITS 
Hewlett-Packard Model 3468A, Test Pertormed By___ 
Digital Multimeter Date = 
Serial Number___ Reference Temperature. 
OC Volts Test 
Step Input to ‘Set-Up and Reading Low Test Test 
3468A ___ Configuration Limit Pass Fail 
1 Open Press TEST/RESET — — 
2 Short .3V Range +.000005V = -.000005V — — 
3 Short 3V Range +0.00002V aie -0,00002V — es 
4 Short 30V Range +00.0003V a ea -00,0003V = —, 
5 Short 300V Range +000.002V ey -000.002V a as 
6 + 300mV .3V Range +.300065V — +.299935V a ie 
7 +300mV 3V Range +0.30007V Se +0.29993V = —_ 
8 +1V 3V Range +1.00020V — +0.99980V See — 
9 -1v 3V Range -1,00020V OC 0.99980V — — 
10 -3V 3V Range 3.00056V —— -2.99944V ae — 
Ww +3V 3V + 3.0056V —— +2.99944V isin a 
12 +3V Autozero Off +3.00059V Sess +2.99941V sy — 
13 Autozero On 
14 +3V 4 Digit Disp + 3.0006V ee +2.9994V —— 
15 +3V 3 Digit Disp + 3.002V ——— +2.998V a — 
16 5 Digit Disp 
7 +3V 30V Range +03.0009V — +02.9991V — — 
18 + 10V 30V Range +10.0023V ae +09.9977V 3 — 
19 +30V 30V Range +30.0063V ea +29,.9937V — — 
20 +30V Autozero Off +30.0074V eet +29.9926V — — 
21 Autozero On 
22 + 300V 300V Range + 300.062V eae + 299.938V = — 
23 Open .3V Range cana — 
24 See Below CMR Test — i= 
CMR Test 
1. Connect a 1K ohm resistor between the HI and LO INPUT Terminals of the 3468A. 
2. Note the 3468A's reading. 
3. Apply 400V dc between the 3468A’s HI INPUT and the Power Line Ground. 
4. The 3468A should remain within .040mV of the reading in step 2. 











PERFORMANCE TEST CARD 
90 DAY LIMITS 


Hewlett-Packard Model 3468A Test Pertouned By_ 
Digital Multimeter Date__ 


Serial Number. Reference Temperature 


DC Current Test 





Step# Input to Set-Up and High Reading Low Test Test 
34680 Configuration Limit Limit Pass Fail 
1 Open Press TEST/RESET as = 
2 Short DCI Function +0.00006A 0.00006A a “i 
3 +1A 3A Range +1.00146A —— +0.99854A 


PERFORMANCE TEST CARD 
1 YEAR LIMITS 


Hewlett-Packard Model 34684 Test Performed By. 
Digital Multimeter Date__ 


Serial Number. 





—_ Reference Temperature. 


DC Current Test 





Step# Input to Set. Up and High Reading Low Test Test 
34680 Configuration Limit a Limit Pass Fail 
1 Open Press TEST/RESET pa = 
2 Short DCI Function + 0.00006A -0.00006A ak 
3 +14 3A Range +1.00176A p> +0.99824A 














PERFORMANCE TEST CARD 


1 YEAR LIMITS 


Hewlett-Packard Model 34684 Test Performed By - 
Digital Multimeter Date 
Serial Number__ ——o Reference Temperature. acieaiaaassh 





AC Volts Test 











Stepit Input to SetUp and High Reading low Test Test 
34688 Configuration Limit Limit Pass Fail 
1 Open Press TEST/RESET = = 
2 Open ACV Function 
3 028V,20KHz -3V Range 028244v a 027756V peas — 
4 0.28V,20KHz -3V Range 280975V =, 279025V = — 
5 0.28V,20KHz 3V Range 0.28175V a 0,27825V == Se 
6 1.5V,20KHz 3V Range 1.60492V aS 1.49508V == ==? 
7 2.8V,20KHz 3V Range 2.80830V ——— 2.79170V = = 
8 2.8V,20KHz 30V Range 02.8175V ee 02.7825V e= —_ 
9 28V,20KHz 30V Range 28.0830V —— 27.710 V ee == 
10 28V,20KHz 300V Range 028.194 a 027.806V == ae. 
n 280V,20KHz 300V Range 281.026V a 278.974V —= a 
12 (0.28V,50KHz -3V Range .281815V = + 278185V == = 
13 2.8V,50KHz 3V Range 2.81328V as, 2.78672V == = 
14 28V,50KHz 30V Range 28.1328V —— 27.8672V = = 
15 280V,50KHz 300V Range 281.720V _ 278.280V = — 
16 0.28V,100KHz .3V Range 285754V ao .274246V a a 
17 0,28V,100KHz 3V Range 0.29119V —— 0.26881V — = 
18 -2.8V,100KHz 3V Range 2.83765V =o. 2.76235V _ = 
19 15V,100KHz 30V Range 15.2400V a 14.7600V = == 
20 28V,100KHz 30V Range 28.3765V - 27.6235V * — 
21 280V,100KHz 300V Range 284.353V — 275.647V 4 = 
22 25V,300KHz 30V Range 27.8970V 22.1030V a 
23 2.8V,50Hz 3V Range 2.81391V 2 2.78609V - —_ 
24 2.8V,20Hz 3V Range 2.83294 =a 2.76706V = _ 






































PERFORMANCE TEST CARD 
1 YEAR LIMITS 
Hewlett-Packard Model 34684 Test Performed By _ 
Digital Multimeter Date. 
Serial Number Reference Temperature 
AC Current Test 
Step Input to Set-Up and Reading Low Test Test 
3468A Configuration Limit Pass Fail 
1 Open _ Press TEST/RESET = _ 
2 Open ACI Function 
3 01A,5KHz 3A Range 0102634 a 0097374 = 
4 0.1A,5KHz 3A Range 1011634 = 0988374 = os 
5 1A,5KH2 3A Range 1,01863A i 0.98137A ahs as 
PERFORMANCE TEST CARD 
24 HOUR LIMITS 
Hewlett Packard Model 3468A Test Pertormed By 
Digital Multimeter Date. 
Serial Number__ — Reference Temperature 
Ohms Test 
Step Input to Set-Up and Reading Low Test Test 
3468A Configuration Limit Pass Fail 
1 Open Press TEST/RESET a 
2 Short Ohms Function 00.0035 — 00.0000 re 
3 Short 300 Range 000.004 =. 000.000 es 
4 Short 3K Range 0.00002k aS 0.00000k ss 5 = 
5 Short 30K Range 00.0002k = 00.0000K — a 
6 Short 300K Range 000.002k fan 000.000K __ — 
7 Short 3M Range 0.00002M aS 0.00000m == _ 
8 Short 30M Range 00.0002M a 00.0000m ae 
9 300 ohm 300 Range 300.012 — 299.988 _ 
(9) 100 ohm 100.004 Sate 099.996 = 
10 3K ohm 3K Range 3.00014K —- 2.99986K = — | 
(10) 1K ohm 1,00006K === 0.99994K i a= 
WW 30K ohm 30K Range 30.0014K oa 29.9986K = aed 
(11) 10K ohm 10.0006K — 09.9994k —_ es 
12 300K ohm 300K Range 300.014K ae 299.986K — -— 
(12) 100K ohm 100.006K a 099.994K as ao 
13 3M ohm 3M Range 3.00017M cs 2.99983M = - 
(13) 1M ohm 1.00007M 2 0.99993M as, as 
14 30M ohm 30M Range 30.0110M soe 29.9890M eo eg 
(14) 10M ohm 10.0038M ge 09.9962M —_ i: 








PERFORMANCE TEST CARD 
90 DAY LIMITS 











Hewlett-Packard Model 3468A Test Pertormed By. 
Digital Multimeter Date. 
Serial Number__ Reference Temperature. = 
Ohms Test 
Step# Input to Set-Up and Reading Low Test Test 
34680 Configuration Limit Pass Fail 
1 Open Press TEST/RESET = = 
2 Short Ohms Function 00.0041 ee 00.0000 a mee 
3 Short 300 Range 000.005 = 000.000 as = 
4 Short 3K Range 0.00002k ia 0.00000k = = 
5 Short 30K Range 00.0002k —7 00.0000K — _ 
6 Short 300K Range 000.002k == 000.000k ss = 
7 Short 3M Range 0.00002M Sa 0.00000m —= as 
8 Short 30M Range 00.0002M st 00.0000m = ian 
9 300 ohm 300 Range 300.041 pa 299.959 -_ a 
(9) 100 ohm 100.017 ek 099.983 2 — 
10 3K ohm. 3K Range 3.00035k a, 2.99965K = os 
(10) 1K ohm 1.00013k ae 0.99987K = = 
1 30K ohm 30K Range 30.0035K — 29.9965K Ses ma 
(11) 10K ohm 10.0013K === 09.9987K = s 
12 300K ohm 300K Range 300.035K Ss 299.965K _ a 
(12) 100K ohm 100.013K = 099.987K = = 
13 3M ohm 3M Range 3.00035M es 2.99965M 5 a 
(13) 1M ohm 1.00013M ——= 0.99987M — = 
14 30M ohm 30M Range 30.0200M Sat, 29.9800M = a 
(14) 10M ohm 10.0068M os 09.9932M —_ oe 

















Digital Multimeter 


Serial Number. 


Hewlett-Packard Model 34684 





PERFORMANCE TEST CARD 


1 YEAR LIMITS 


Test Pertormed By_ 


Date_ 


Reference Temperature 








Ohms Test 
Step# input to Set-Up and High Reading Low Test Test 
34680 Conti Limit Limit Pass Fail 
1 Open Press TEST/RESET — — 
2 Short Ohms Function 00.0041 00.0000 oo yo 
3 Short 300 Range 000.005 000.000 _ = 
4 Short 3K Range 0,00002k 0.00000k eae oe 
5 Short 30K Range 00.0002k tng 00.0000K = =< 
6 Short 300K Range 000.002k —_ 000.000k aa 
7 Short 3M Range 0.00002M = = 0.00000m a a 
8 Short 30M Range 00.0002M eae 00.0000M =a == 
9 300 ohm 300 Range 300.056 ae 299.944 = _ 
(9) 100 ohm 100.022 —— 099.978 = oo 
10 3K ohm 3K Range 3.00050K Saas 2.99950K = — 
(10) 1K ohm 1,00018K = 0.99982k < 
" 30K ohm 30K Range 30.0050K = 29.9950K _ 
ay 10K ohm 10.0018K —— 09.9982K —_ — 
12 300K ohm 300K Range 300.050K es 299.950K = a 
(12) 100K ohm 100.018K = 099.982K _ = 
13 3M ohm 3M Range 3.00050M Fas; 2.99950M _ 
(13) 1M ohm 1.00018M Se 0.99982M P= 
14 30M ohm 30M Range 30.0236M ——— 29.9764M _ 7 
(14) 10M ohm 10.0080M 09.9920M 











SECTION V 
REPLACEABLE PARTS 


5-1. INTRODUCTION 


5-2. This section has information for ordering replace- 
ment parts. Table 5-3 lists the parts in alphameric order 
of their reference designators and indicates the descrip- 
tion, -hp- Part Number of each part, together with any 
applicable notes, and provides the following: 


a. Total quantity used in the instrument (QTY col- 
umn). The total quantity of a part is given the first time 
the part number appears. 


b. Description of the part. (See abbreviations listed 
in Table 5-1.) 


c. Typical manufacturer of the part is a five-digit 
code. (See Table 5-2 for list of manufacturers.) 


d. Manufacturers part number. 


5-3. Miscellaneous and Chassis Parts are listed at the 
end of Table 5-3. A disassembly procedure of the instru- 
ment is also included with the Miscellaneous and 
Chassis Parts listing. 


5-4. ORDERING INFORMATION 


5-5. To obtain replacement parts, address order or in- 
quiry to your local Hewlett-Packard Office. (Office 
Locations are listed at the back of this manual.) Identify 


parts by their Hewlett-Packard Part Numbers. Include 
instrument model and serial number. 


5-6. NON-LISTED PARTS 
5-7. To obtain a part that is not listed, include: 


. Instrument Model Number 

. Instrument Serial Number 

. Description of the part. 

. Function and location of the part. 


aeop 


5-8. PARTS CHANGES 


5-9. Components which have been changed are so 
marked by one of three symbols; i.e., A, A with a letter 
subscript, e.g., A,, or A with a number subscript, e.g., 
A,,. A A with no subscript indicates the component 
listed is the preferred replacement for an earlier compo- 
nent. A A with a letter subscript indicates a change 
which is explained in a note at the bottom of the page. 
A A with a number subscript indicates the related 
change is discussed in backdating (Section V1). The 
number of the subscript indicates the number of the 
change in backdating which should be referred to. 


5-10. PROPRIETY PARTS 


5-11. Items marked with a dagger (t) in the reference 
designator column are available only for repair and ser- 
vice of Hewlett-Packard Instruments. 


Table 5-1. Standard Abbreviations 


















Asaneviations 
49 iver te hate (eyeielst per second) NPO « vide 
a uminum ‘SPOT. single pole double-hrow 
a amperels) 10. ns SPST Single-pole single tow 
a 13 mpg nr 
inca! Ta tentaium 
c cepacitor ins a Te temperature coaticent 
cor ob tog ‘ianium dioxide 
oct coathcient aa 90. 03 
com ommon RMR wo 
comp composition . peek tin 
one connection pA Siccamperais) — TSTR wansistor 
eo deposited og oF picofaradish 30-12 forage V vets 
Por ovble-pole double throm bv werse voltage ecw ‘ternating cureent working vo 
pst double-polesinglettvaw ma bio pan of var 
Mn bos pestionis) dow ‘Siraet curvene working 
sleet sectolrie Ma boty polystyrene 
reap fencapeuistes met fim ot ‘potentiometer W warts) 
te >e ‘eaktopeak —w! 
. foradis) me bem pens per muon wiv working inverse voltage 
rer held einct wansistor mtg Pree precision temperature costficent. wo without 
fd ‘ined mv, (ong term stabaty ondtor tolerance ww wwivewound 
ea 
Gane elim ergonige Se a resistor 
GHe digahera = 10*8here GV me shod 
99 ‘quardiedi my ms ‘eotmean square ‘pterum value selected at tectory 
be. germanias wot votary ‘overage value shown (port may be omitted) 
ond Grounded) «aa. ‘ne standard type number assigned 
Ne se. enienium selected or special type 
oy heneyies! Ne sect section(s 
He ‘mercury NO. = ‘oon ® Dupont de Nemours 
DESIGAATORS. 
a ‘assembly FL fe wensistor 18. rerinel stp 
6 He er OCR wonsiator a gv ‘microcreut 
et batery IC. integrated Greut Rip) Tesistoripackd—V. ‘vecuum tube, neon bulb, photocel, et, 
c eapactor Tack thermistor W oa 
cr ode or thyristor K wisy 5 ewitch x socket 
5 ‘lay te maser T wacstormer — XOS lammpholder 
os ‘mp M ‘meter TS cerminai Board XP fsehotder 
€ ‘misc electronic part MP ‘mechanical part TC Thermocouple Y crystal 
F fie pkg TP. test point Z network 
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Replaceable Parts 


Table 5-2. Code List of Manufacturers 








3568A 





Mfr. 
No. Manufacturer Name Address 
0049D United Chemicon inc 
01121 | Allen-Bradley Co Milwaukee WI 53204 
01295 | Texas Instr Inc Semicond Cmpnt Div Dallas TX 75222 
01928 | RCA Corp Solid State Div Somerville NJ 08876 
03888 | KDI Pyrofilm Corp Whippany NJ 07981 
04713 | Motorola Semiconductor Products Phoenix AZ 85062 
06665 | Precision Monolithics Inc Santa Clara CA 95050 
07263 | Fairchild Semiconductor Div Mountain View CA 94042 
07716 | TRW Inc Burlington Div Burlington 1A_ 52601 
11236 | Cts of Berne Inc Berne IN 46711 
12969 | Unitrode Corp Watertown MA 02172 
14936 | General Instr Corp Semidon Prod Gp Hicksville NY 11802 
24355 | Analog Devices Inc Norwood MA 02062 
24546 Corning Glass Works (Bradford) Bradford PA 16701 
27014 | National Semiconductor Corp Santa Clara CA 95051 
28480 | Hewlett-Packard Co Corporate Hq Palo Alto CA 94304 
32293 | Intersil Inc Cupertino CA 94014 
56289 | Sprague Electric Co North Adams MA 01247 
71400 | Bussman Mfg Div of McGraw-Edison Co | St. Louis MO 63107 
75042 | TRW Inc Philadelphia Div Philadelphia PA 19108 
75915 | Littlefuse Inc Des Plaines IL 60016 











5-12. 3468A DISASSEMBLY PROCEDURE 


5-13. The following is the complete disassembly pro- 
cedure for the 3468A. The procedure also includes the 
disassembly of the Battery Charger assembly (Option 
001). 


a. Make sure the 3468A is turned off and ac power is 
disconnected from the instrument. 


b. Turn the 3468A upside down and then refer to 
Figure 5-2. Loosen screws MP3, but do not attempt to 
remove the srews from the 3468A’s bottom assembly 
(MP6). The screws are held in the assembly by ‘‘O”’ 
rings. 


c. Turn the 3468A right side up facing you. Lift the 
3468A’s top assembly (MP7) up about an inch or so, 
away from the bottom assembly. Then place the top 
assembly next to the bottom assembly, as shown in 
Figure 5-3. 


d. If the battery option is installed, disconnect cable 
‘W901 from the Al assembly (mother board) mounted in 
the bottom assembly. If the battery and/or the battery 
charger printed circuit board is to be removed, do the 
following: 


1. Refer to Figure 5-8. Disconnect the wires 
from the battery, then loosen and remove screws 
MPI8. 


2. The battery charger printed circuit board can 
now be removed. Once the board is removed, 
remove the battery cover (MP20) and then the bat- 
tery. 


5-2 


3. The battery charger is now disassembled. 
d. Remove handle MPS from the bottom assembly. 


e. If the display (MP16) is to remain in the 3468A, 
continue with step f. If the display is to be removed, do 
the following: 


1. Refer to Figure 5-7. Unplug cable W501 
from the display assembly. 


2. Loosen and remove screws MP15 from the 
front panel assembly (MP2). 


3. Remove the display assembly. 


f. Refer to Figure 5-4. Loosen and remove screw 
MP9 from the inner shield (MP10). Then remove the in- 
ner shield. 


g. Refer to Figure 5-§. Loosen and remove screws 
MPII1 from the Al assembly (main printed circuit 
board). 


h. Remove the Al assembly by lifting it up and out of 
the 3468A’s bottom assembly (MP6). Set the bottom 
assembly aside. 


i. Refer to Figure 5-7. Unplug cable W501 from the 
display assembly (MP16). Then unplug the wires going 
to the front panel terminals. 


j. Refer to Figure 5-7. Loosen and remove screws 
MP17 from the Al assembly. Remove the front panel 
assembly (MP2) from the Al assembly. The instrument 
is now disassembled. 





a ee 


Table 5-3. Replaceable Parts 
































































































Reference HP Part |c i Mfr 

. Descri| rt Number 
Designation | Number |° Oty, SCrIBUCD: Code Mfr Pa 
at 03468-26501 | 0 1 | PC ASSENBLY-MOTHER BOARD 2eaee | usaoe-soso1 
auwrssy razo-oz7e | 7 1] BATTERY 3V .9SA-HR LI/S-pIOx W-FLEX vaso | 1420-0278 
avcio1 oreo-aase | 6 3] caPactroR-Fxp 470PF +-2.sz 1s0vne ore | znaae | o160-a430 
arciog ore0-aase | 6 CaPACIYOR-FxD a70PF +-2.52% 160vDC Puye | 2eaao | o140-3438 
a1ci03 oigo-aasa |e GAPACITOR-FXD 470PF ieovoc pave | 2eaco | o160-a436 
atcio4 a1so-o012 | 3 1 | caracrToR-FxD . 01UF 1xvoe CER se2ay | coesaroariusnese 
arca01 orgo-as00 | & 3 | CaPaCTTOR-FXxD i20PF +-5x 100yDC CER 2aago | 0160-4800 
piceoz viou-4as2 |e CAPACITOR-FXD .O1UF 4-103 1oovoc CER zaseo | 0160-4837 
arceos 9160-4332 | 2 | capactror-rxo -o1ur s-10% roavoc cer 2840 | 0160-4952 
arcgot siso-sse6 | 5 1 | CaPactToR-Fxp .15UF &3040C 2eas0 | 0160-5306 
atcso2 o1eo-s3es | 3 1 | GaPacrToR-Fxv 2.7eF soovpc aeane | 0160-5304 
arcsoa arse-oz2a | & 2 | CaPactror-rxD 22uF+-10% 15uDC 1A S6289 | 10D2Pexdui HE 
aicsos o1so-a803 | 9 1] GaracrToR-rxp sere +-5x ro0uDc ceR ov-se | zeas0 | 0160-4803 
a1Gso6 oreo-o2268 | 6 CAPACITOR-FxD 22UF+-10% 1SVDC TA 5e287 | 1500P26x901 SKE 
910307 oieo-s3se5 | 4 1 | Caractror-rxp 1.8uF s00ypr 2a4a0 | 0160-5385 
aicso5 niso-2eos | 3 1 | CapactroR-FXxD .33ur+-10% ssvDc TA 56289 | 150053ax9035A2 
aicso9 oieo-0373 | 2 1 | CaPACITOR-FxD laauF+-10% 35vDC TA sezey | 150n6a4x9038A2 
aicaie sig0-o291 | 3 3 | capacrroR-Fxp iur+-10% ssu0c TA se2ze7 | 1S0p10sx903n02 
ALGSt1 oreo-as7t fa] 13 | GaPacrroR-rxD .1UF +80-20% sovpc cER 2aaeo | 0160-4571 
Alcsi2 0160-4571 | 8 GAPACITOR-FXD \1UF +80-20% S0VDC CER 2easo | 0160-4571 
Alesis oie0-0271 | 3 CAPACITOR-FXD 1UF+-10% 35vDC TA soze9 | 1s0p105x90a5a2 
aicaor o1e0-a571 | 8 CAPACITOR-FXD ,1UF +80-20% SOUDC CER 2ea50 | 0160-4571 
areaoz orso-asrr | @ CAPACLTOR-FXD .1UF +80-20% SoUDE CER zaaso | 0160-4571 
arcana ois0-a571 | CAPACITOR-FXD \1UF +80-20% SOUDC CER pea50 | 0160-4571 
ALcaos oigo-as7y fo CAPACITOR-FXD \1UF +80-20% S0vDC CER 2eaae | 0160-4571 
atcatt oieo-aara | 2 1 | CaPaciToR-FxD isaPr +-5% 1o0UDC CER peaso | o160-an14 
Arcata o160-a830 | 2 1 | CaPacrtoR-FxD czoorF +-10% 100U0C CFR 2oano | 0160-4230 
alento 0160-5392 | 's 1 | CAPACITOR-FxD 1S00PF +-108 ioovoC CER 28480 | 0160-5392 
arcaso oio0-ase3 | 3 1 | CaPaciToR-FxD ezapr +-sz 100vDC CER 2480 | 0160-4823 
aicast oiso-aase | 4 2 | GaracrroR-Fxp .o1uF +-10% 100vDC CER znaso | 0160-4832 
AICSO1 o160-3335 | 0 CAPACITOR-FXD 470PF_+-10% 100UDC CER 2o4g0 | 0160-3535 
aicsos oreo-a532 | 2 | GaPacrTOR-FXxD 1000PF +-20% sovDC CER zaaao | 0160-4532 
acsoa oieo-aa00 | 6 CAPAGITOR-FXD 120PF +-Sz 100UDC CER 2480 | 0160-8000 
aresos orbo-ssor | 5 2 | Gapacrror-rxp 33rF +-sz roayoc cer ov-so | 2aaao | a1e0-ueor 
AIcs06 oleo-ngoy | 3 CAPACITOR-FXD 53PF +-5z 100v0c cer o--30 | 2480 | giga-cga7 
ancso? bieomas7i | 8 CAPACITOR-FXD “iUF +a0-20% SavOc CER paseo | 0160-4874 
aicsoa are0-4a10 | 8 2 | GaracttoR-Fxp 330PF +-5x roovDc CER peaao | 0160-4810 
ai509 sieo-anio0 | 6 CAPACITOR-FXD SS0PF +-5% 100VDC CER zaaeo | 0160-4810 
arcsso ore0-a571 | CAPACITOR-FXD .1UF +00~20% SovDC CER zeaso | 0160-4571 
mess arso-o21 | 3 CAPACITOR-FXD 1UF+-10% 35VDC TA s6re9 | 15001 08x70 seKe 
aicss2 ar60-4a30 | 2 CAPACITOR-FXD 2200PF 4-108 100VDC CER 2eua0 | 0160-4830 
are7o o1go-2986 | 7 4 | GapaciToR-FxD 330UF+-20% souDc AL zeaen | 0160-2986 
aic70s aiso-27a6 | 7 CAPAGITOR-FXD 330UF+-20z SOUDC AL zeaso | 0160-2986 
AIC7O5 o1go-ol17 | 2 2 | CAPACITOR-FXD 2.7uFs-10% 35¥DC TA 56289 | 1500275x903582 
AlC?DG oiso-0117 | 2 CAPACITOR-FXD 2.7UF+-10% 35VDC TA seeer | 1s0p275x903sR2 
Aicio) oibo-4571 | 8 CAPATITOR-FXD .1UF ¥80-20L 50VDC CER 7eu80 | 0160-4571 
aiersi ois0-0493 | 9 1 | CaacrtoR-FxD 1oouuF*s0-10% 2subc AL ooasn | 2svaciiooe 
aic7ao areo-eve6 | 7 GAPACITOR-FXD 330UF+-20% SOVDC AL zeaa0 | 0180-2906 
icra sig0-2986 | 7 GaPACITOR-FXD 330UF+-20% S0UDC AL enaso | 0190-2986 
Alc707 bibo-ks7? | 8 1 | CAPRETTOR-FxO TIUF ¥B0-208 SovOe CER 2ekeo | 0160-0571 
mcrae o1g0-aes2 | 4 CAPACITOR-FXD .O1UF +-10% 100UDC CFR zoaeo | 0160-4032 
aicreos ivor-veay | a 1 | DrODe-puR RECT 1N4007 1K 18 DO-a1 14936 | 1Na007 
aicrenz 1902-0184 | 6 i | DIODe-zne 16.2 5% DO-35 PD=.4y zeano | 1902-0104 
AlcRNOT 1826-0918 | 2 1 | Se-¥ RGLIR-FXD-POS 6.6/7 .25V-TO-92PKG peaao | 1ez6-o518 
mcR501 1yot-o040 | a 1 | Diove-swiTcHING 30v 50MA 2NS DO-35 2e480 | 1901-0050 
AICRI50 1ooi-o518 | 8 1 | vio0e-5H $16 scHoriKe peago | 1901-0518 
AlCRS51 1901-0050 | 3) 1a | O10DE-SwiTCHING 8ov 200MA 2NS DO-35, 28480 | 1901-0050 
aIcRss2 1902-0970 | 8 2 | DIODE-ZNR 33V Sx DO-35 PD=.au TOx+.0v72 | 2eaa0 | 1902-0970 
ALCRESS 1902-0970 | a DIODE-2Ne 33 5x DO-35 PD=.4N TC=+ .097% 1902-0970 
AICRSS4 1901-0050 | DIDDE-SWITCHING 80V 200%A 2NS DO-35 1901-0080 
ALCRESS 1901-0050 | 3 DIODE-SUITCHING BOU 200MA 2NS DO-3S. 1901-0050 
AICRSSG iyoi-oos0 | 3 DIODE-SWITCHING 80U 200HA 2NS DO-35 1901-0050 
arce7or 1901-0743 | 1] ze | orope-puk RECT 1Na004 400U 14 DO-a1 1waoos 
AICR702 1901-0743, | 1 DIODE-PUR RECT 1N@004 400V 18 DO-41 1naona 
arcR703 1901-0743 | 1 DIODE-PWR RECT 1NAD04 400U 14 DO-s1 1Naooa 
A1CR704 1901-0743 | 1 DIODE-PUR RECT 1N4004 4000 1a DO-41 ingoo4 
a1cR705 r9or-o7as | a RECT 184004 490U 18 DO-a1 inagoa 
aicR7ag tyor-o7aa | a RECT 1Na004 400y 1A DO-41 1N4004 
A1cR707 rgor-o743 | 1 DIODE-PUR RECT 1N4004 00U 14 DO-41 1400s 
ALOR? 1 1902-0632 | 9 2 | DIODE-ZNR INS3S4B 170 Wy TE=479% ANS354b 
aitKyte ivoe-0936 | & 1 | Dione-zee 6 pp=su TR=300Ua 12969 | Tyss05 
ALCR 713 1902-0632 | 9 DIODE-ZNR INS354B 170 Sz PD=Su TC=+75% 4713 | iNs3Sae 
ace7ay 1902-0484 | 5 2 | prope~znr zeaso | 1y02-v654 
AICR7S0 igoz-oena | 5 DIODE-ZNR ‘ zeaao | 1902-0654 
ack 751 apoi-o7as | a DIODE-PuR RECT 1NA004 aDOU 1A DO-a1 ares | nanos 
aioR7s2 r01-07a3 | a DIODE-PUR RECT 1NA004 anoV 14 DO-a1 orz9s | 1navoa 




















See introduction to this section for ordering information 
*Indicates factory selected value 


Table 5-3. Replaceable Parts (Cont'd) 













































































Reference HP Part |c| op, De: 7 Mfr 

Hy scription Mfr Part Number 
Designation Number |© Y P Code 

Atetor 1970-0090 | 6 1 | TuBE-cLecTRON 630 zuaso | 1970-0090 
areior zno-o003 | 0 1 | FUse 3a 250U NID 1.25X.28 UL gas | si2003 

AIF730 2110-0234 | 9 1] FUSE \1a 250v TD 1.25x.25 UL 7iao0 | mpl 1710, 
AiFx730 ar10-06a3 | 4 3 | FUSeHOLDER-capTive CLIP zaace | 2110-0603 
avH701 1zes-o309 | 9 1 | near sink sci ro-220-cs zeaso | 1208-0509 
a1s701 1200-0607 | 0 1 | socker-1c 16-conT pip pip-s.oR eaaso | 1200-0807 
atKi01 oago-1310 | 6 1 | Retay-REED cr-25e3 esa | 0490-1330 
aiki02 oago-1309 | 3 3 | RELAY-REED cR-2504 2eano | 0450-1309 
aiKki03 oago-1309 | 3 RELAY-REED CR-2584 zeae | 0490-1509 
Aikioa oag0-1309 | 3 RELAY-REED CR-2584 zeauo | 0490-1309 
aiveot sino-r601 | 2 1 | INDUCTOR RF-CH-MLD 750uH 9% 2UK aDLG geasn | 9100-1651 

ALLSOL sivo-1631 | 8 1 | TNoucToR RF-CH-MLD SeuH Sz .166Dx.3asLe | 2aaa0 | 9100-1631 

aip7oz aesi-a7as_ | o CONNECTOR-AC PUR HP-9 MALE REC-FLG THRMe | 2E4Bo | 1251-4743 
ALprog 1251-4743 | 0 2 | CONNECTOR-AC PUR HP-9 MALE REC-FLG THRMP | 2nag0 | 1os1~4743 
Aigaot vesz-osio | 7 4 | TRansrsTOR-2Nes20 (SEL? zeae | 1853-0510 
aig2o2 1853-0510 | 7 TRANSISTOR-2N6520 (SEL? eae | 185-0510 
Aigeos tass-0510 | 7 TRANSISTOR-2N6S20 (BEL) paseo | 1ass-o510 
arazo4 1853-0510 | 7 TRANSTSTOR-2NSS20 (SEL) zaago | 1653-0510 
aigaos ress-oava | 2 2 | TRANSISTOR J-FET N-CHAN D-nODE 1u-¥7 zaaao | 1958-0298 
arRyor ooas-si3s | & a | RESISTOR Sik Sx .5W CC TC=0+765 outa 3 

aigiog vees-5135 | 6 RESISTOR 51K SX .5U CC TC=0+765 oniat | ensi3s, 

aiRt03 geng-s135 | 6 RESISTOR Sik 5% low CC TCH0+765 oiter | engi 3s 

AIRio’ 0686~ é RESISTOR S1K SX |SH CC TC=0+765 ona | ensiss 

AIR 0S oene-S135 | 6 RESISTOR 51K SX (Su CC TCa0+765 ania | cue13s 

ALRIO8 0686-5135 | & RESISTOR 51K Sx .5H_CC TC=0+765 oni2r | ens 

A1R107 o51i-343s | 8 1 | RESISTOR «1.1% 34 Pw TC=0r-90 zaaa0 | n611-saso 
ALRiog oees-5135 | & RESISTOR SIK 5% Su CC TCx0+765 ore: | eRoiss 

A1R109 s [6 RESISTOR S1K 5% (Su CC TCm0+765 ayia | c6s138 

arRivo osve-0777 | 3 © | RESISTOR 1K 8% .25W CC TeH-400/+yuu zaano | 0690-0777 
atR201 oesa-sovs | 6 1 | ResrstoR 40K 01% .1W F ToH0e~5 07716 | MARS=1/10-41e aoe- 
Aikeoe oses-24a5 | 9 2 | Resistor 240k 5% .25u FC TC=-a00/+900 01121 

AIREDS ages-2445 | 9 RESISTOR 240K 5% 25 FC T 01121 

arr2oa 0683-4715 | 0 1 | RESISTOR 470 sz .25u FCT o1as 

AIR20S abe3-a325 | 8 1 | RESISTOR 4.3K Sx ’.25u FC TC o1i21 

aiRso2 wove-6670 | 1 1 | RestsTOR 1K .5x_.125W F To=o+-25, znago | o6y8-6670 
AiR303 oe9e-6s20 | 0 1 | RESISTOR 24K .25% .125W F TC=0+-25 pease | veve-s520 
ainsn4 oses-2a3s | | 7 1 | RESISTOR 24K 5x .25W FC TC=-a00/+800 aia: | cHeaas 

a1R30S 0787-0487 | & 1 | RESISTOR 47.5K 1% .125u F TC=0+-100, 245% | C4-178-T0-4750-F 
A1R306 ooe3-1008 | 3] RESISTOR 10 Sz .25u FC TC=-a00/+500 otia1 | cmioos 

a1R307 oop3-1005 | RESISTOR 10 5% .25u FC TC: oviar | ceioos 

Arrant o6e3-1655 | 1 i | RESISTOR 1.6n 5x .25u FCT oriat 1695 

AIRagZ 0678-8355 | 1 1 | RESISTOR Boek 1% [125W F TCH0+-100 2400 | 0698-0303 
ArRa03 oga-a53e | 7 1 | RESISTOR 402K 1% |1254 F Te=0+-100 zeaa0 | 0698-4539 
AiRags 0757-0872 | 5 1 | RESISTOR 200K 1x {125W F Te=0+-100 zasae | ca-1/e-T0-2003.+ 
Arka 6 3 | Resistor 100% 1% .125u Fr zasae | ca-1/8-T0-1003-F 
AIRage oese-seee | 9 2 | RESISTOR 49.9% 1% .125u F TC=04-100 zoaso | 060-3228 
A1R407 oees-a25s | i 2 | RESISTOR 8.24 5% .25W FC TC=-900/+1100 aria | cress 

aiRage oees-1005 | 5 RESISTOR 10 5X .254 FC Te=-a00/+500 sia | ceo0s 

atRaoy o7s7-oais | 6 1 | Resistor 478 1% .125u F TeHor-100 pasae | ca-tva-To-a75R-F 
auras o7s2-0273 | 4 1 | Resreror 3.01k 1% .125u F TC=0+-100 zasae | cent/e-10-3011-F 
AIRa39 ogse-oa27 | 4 2 | RESISTOR 1h 1% .125W F To=0+-100 paseo | o47e-2e27 

A1RSO 1ei0-0162 | 5 2 | NETWORK-RES 14-DIP4.7k OHM X 13 11236 | 760-1-84.7k 
airsoz aees-ezss [1 RESISTOR 8.2N Sz 254 FC Te=-900/+1108 oriar | ceoess 

resus vse3-i535 | & 4 | RESISTOR 15K Sz .25W FO TC=-400/+a00 aiiz1 | ceisas 

AiR504 veas-is3s | 6 RESISTOR 15K 5% .25W FC TC=-400/+600 nat | M535 

ALR5OS ogve-saae | 3 2 | Resistor 303 1z 128u F TC=0+-100 2asas | c4-1/8-10-363K-F 
AIRSO6 seoa-saae | 3 RESISTOR 383 1% 1125u F TC=0+-100 20546 | G4-178-10-383R-F 
R507 aeas-is3s | & RESISTOR 15K S% |25W FC TC=-400/+800 oar | ceisss 

AiRSS1 veve-san2 | 9 a | Reststor 17,.4K 1% .125W F To=0+-100 oseee | pHEss-1/8-To-174%-F 
airsse veoe-3359 | 7 2 | RESISTOR 12.7K 1% |125u F Tc=0+-100 zasas | c4-178-10-1272-F 
AIRSS3 0698-8927 | 4 RESISTOR 1M 1% 125M F TC=0+-100 zeaea | 0698-8027 

A1R861 iero-o560 | 7 1 | RESISTIVE NETWORK-8 X 5.6K OHM zaaso | 1810-0560 

AIRS62 0698-3359 7 RESISTOR 12.7K 1% .125W F TC=0+-100 2aSae C4-1/8-T0~1272-F 
A1R564 ossa-a777 | 3 RESISTOR 1K Sx .25U CC To=-400/+900 zaano | 0690-8777 
AIRS6S 0698-8777 | 5 RESISTOR 1K SZ l25W CC TC=-400/+900 zeaa0 | 0698-8777 
arse? 0698-8777 | 3 RESISTOR 1K SZ .25u CC TC=-400/+900 zeaco | 0498-8777 
AiRses reto-cze9 | 3 2 | NETWORK-RES 9-STP10.0K OHM XB peaso | 1810-0269 
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Table 5-3. 


Replaceable Parts (Cont'd) 






































Reference HP Part |c} g, 5 ti Mfr 
. “ it Description Mfr Part Number 
Designation | Number |° Y pee Code a be 
air708 0e9e-6777 | 3 RESISTOR 1K 5% .20u CC Te=-a00/+90 easo | 0698-9777 
A1K740 oeiz-ooaa | a 1 | Reststor .27 Sx’ .su Pu TC=0+-300 yeaae | Rueo-1/2-27/100-7 
AIR7AT oeas-1535 | 6 RESISTOR 15K 5% /25W FC TC=-400/+800 ariz1 | cBis3s 
AIRTSOS oss7-oze0 | 1 2 | THERMIsToR-RoD TP 10k zsaao | oes7-o220 
AIRTZ05 0937-0228 | & 1 | THERntstor-Prc 2.5 .30 zeseo | 9837-0225 
ALRTZ06 oa37-0223 | 4 2 | THeRnrsroR-erc 10.30 zeago | 0837-0223 
AIRT707 ogs7-0223 | 4 THERMISTOR-PTC 10.30 paseo | 0837-0223 
aissay sor-ezas | & 1 | surren-eke prp-Ke-assy 8.18 usa sovoe | 2nago | si01-2eas 
18730 sioi-1723, | 5 t | SurTcH-PE aPDT .a5A 175vAC sage | 3101-1723 
atTsor siso-aiss |e 1 | TRANSFORHER-INTERFACE PTL & zeaso | 9100-4199 
airso2 gra0-ogoo | 3 1 | TRANSFORMER-P/L_ DRIVER Peago | 9140-0600 
aiT730 sivo-azoz | s 1 | TRANSFORMER-POWER 2ea80 | 7100-4202 
atuiot reze-ope2 | 7 1 | 10 oP ANP PRON TO-99 PKC zasss | apsaan 
aiueot 1926-0493 | a 2 | IC OP AMP LOW-BTAS-H-IMPD S-UAF-F PKG 04713 | ninsnaars 
aiuzoz 1826-0493 | 8 IC OP ANP LOU-BIAS-H-INPD @-DIP-P PKC 4713 | nLMsogaPt 
a1u203 182-0072 | 9 1 | TC OP ANP LOW-BIAS-H-INPD TO-79 PRG 07263 | uazouH 
a1U301 1e26-0897 | 4 1 | Te-LFsiz0N ¢seL Bayne | 1826-0807 
vio? rery-0007 | 8 1 aueo | or7-0067 
a1u302 ia2b-0357 | 3 1 | IC oP ANP UB To-99 PKG 27014 | LF3S7H 
A1U30% te26-00873 | 2 1 | TC-CONY ADs s6aun zaaso | 1826-0093 
aruant ta26-es9 | 2 1 | IC oF anP GP To-99 PKG 01295 | uNeoraL. 
aiuaoz 1826-0635 | 0 2 | 1¢ OP AMP LOW-OFS B-DIF-F PKG 06665 | oP-070P 
aiuans 10F4-0066 | 3 1 | Pce uvpRID 47D 2aasd | 19F6-0066 
arvana 1e26-0271 | o 1 | Ic oP anp Gp B-piP-P PKG 01295 | sw7a7aiP 
aiusns 1826-0635 | 0 TC OP AHP LOU-OFS B-DIP-P PKG asses | oF-o7ce 
aiusoi 1ez0-2718 | 2 1 | te-1ns B03si.n-r1 zaas0 | 1820-2718 
a1uso2 rere-1753 | 8 1 | 1C-me36000N-s, zeaso | 1919-1753 
a1uso3 ips-0003 | 8 4 | IC-WPIL 28-PIN paseo | 1183-0005 
arusoa iszo-2702 | 4 1 | 1c NMos 16364-s1r pron agen | ise0-2707 
alus0s 1se0-1578 | 0 2 | IC SHF-RGTR CHOS D-TYPE PRL-in PR Wut 0192 | cbao76Be 
ALUSO7 1820-1578 o IC SHF-RCTR CMOS D-TYPE PRL-IN PRL-OUT 0192R Cha076RE 
aiusoo 1920-2102 | 8 1 | IC Leh Tm Ls D-TyPE eT 91295 | SN74L8373N 
A1us09 rere-1754 | 9 1 | IC Ram MOS StotL zaaso | iaie-1784 
iusto rez6-oaiz | a 1 | 10 COMPARATOR PRON DUAL B-DIP-P PKG Lns93y 
auu7oy iee6-os51 | 9 1 | IC 3a0a v RoLIR 10-220 TL7@nSAcKe 
aiu7a2 reze-o214 | 1 1 | 1c v RGLIR To-220 me791SCT 
miu703 te26~-0607 | 6 1] te-.msacar-15 1626-0607 
atuso1 e1z0-3479 | 2 1 120-3479 
aiusoz 5061-1165 1 | CONNECTOR-HP IL 5001-1165 
AY RISCELLANEQUS PARTS 
atysor oso-1332 | 4 1 | cRrvstaL-o. 003 MHZ 2ease | 0410-1432 
aaeo-1405 | 4 1 | stanpInc-spRING FUSE 2esso | 1460-1488 
a3 og4e8-aoo0s |S 1 | 3a@BA OFT. oor cmATTERY OFT.» zeaao | o3aea-a00ur 
a3 03468-66503 | > 1 | PC ASSEMBLY-BATTERY CHARGER zeae0 | 05468-66505 
Asca0L 0180-3148 | 5 1 | cAPACITOR-Fxo 2200UF 2svoc 2eu8o | 0180-3148 
aseaor orpo-o127 |? 1 | capacrtor-rxp 10F +=20" 25v0c cek zeaao | 0160-0177 
ASC903 orgo-4s71 |e CAPACITOR-FXD -1UF 480-202 S0vDC ceK Seago | 9160-4571 
ASc90" oio-4s71 [8 GAPACITOR-FXD .1UF +80-20" 5ovoC CER paseo | 0160-4571 
A3c906 oiso-ou86 | & 1 | Gapactror-Fxp 1ouF+-10% 2ovoc TA daaso | 9180-0486 
A3C907 orbo-4571 [8 CAPACITOR-FXD -1UF 480-205 50voc Cee paso | 0160-4571 
asceon oro-as7r fa CAPACITOR-FXD .1UF +80-20% SOUDC GER zeas0 | 0160-4571 
ascvos aso-asr | 8 CAPACITOR-FXD .1UF +80-20x 50UDC CER zeaao | 0160-4571 
ascoia oiao-1785 | 4 2 | Capactror-exo i.sur+-10z 20upc Ta Seaee | 15001 55x9ucuRe 
asta orgo-aars | 1 1 | capactror-Fx 1sorF +-5% 1o0vne CCR zaaao | o1e0-aa13 
asco1e o10-1745 | 4 CAPACITOR-FXD 1.SUF+-10% 20v0C TA Seza9 | 18001 S5x702002 
aacR90) rgor-07a3 | a DIODE-PUR RECT 1NA004 400V 18 DO-41 oiz95 | 1naooa 
asceoo2 rgo1-0743 | 1 DIODE-PUR RECT 3N4004 400y 1A DO-A1 1295 | inaoa4 
wacReos 1901-0743 | 4 DIODE-PUR RECT 1NA0D4 00V 1a DO-a1 1295 | iNaona 
A3cR904 igor-o7as | 1 DIODE -PWR RECT 1N4004 400u 1A DO-a 01295 | insoo4 
ASCROOS 1901-0743 | 1 DIODE-PuR RECT 1NA004 400 18 DO-a1 01295 | 1Naooa 
AscR906 rgor-o7as | a DIDDE-PUR RECT 1N4004 4000 14 DO-s1 01295 | 1ms004 
asco? 1901-0743 | 1 DIODE-PuR RECT 1Na004 aD0V 19 DO-41 oiz9s | inagoa 
asce9oe 1901-0050 | 3 DIODE-SUITCHING 80V 200MA 2NS DO-35 ze00 | 1901-0056 
AcReOe 1901-0050 | 3 DIODE-SUITCHING B0V 200HA 2NS DO-35 zaaso | 1901-0050 
A3CR910 1goi-o0s0 | 3 DIODE-SWITCHING 80V 200HA 2NS DO-35 2nago | 1901-0050 
acest ipoi-oaso | 3 DIODE-SUITCHING @0Y 200HA aNS DO-35 zeaeo | 1901-0050 
ASCRo12 1901-0783 | 1 DIODE-PuR RECT 1N4004 400V 10 DO-a1 oi295 | inagos 
ABCROIS 1901-0743 | 1 DIODE-PuR RECT 1N4004 4000 1A DO-41 oi295 | inaoa 
ASCRO1 4 1901-0743 | 1 DIODE-PUR RECT 1NS004 400V 18 DO-A1 01295 | inaooa 
AseRE IS iyoi~o7a3 | t DIODE-PUR RECT 1NAG04 400U 1a DO-a1 o1295 | inaooa 
ascRo16 ivor-o7aa ft DIODE-PwR RECT 1NS004 400 iA DO-a2 o129s | inao04 
a3cR917 agor-o7a3 | 1 DIODE-PuR RECT 1NS004 4000 1A DO-a1 si295 | inaooa 
ASCRIIB 1901-0743 | DIODE-PUR RECT 1N4004 400V 1A DO-a1 01295 | 1naoo4 
A3CRI19 apoi-o74s | 4 DIODE-PuR RECT 1NA004 400U 1a DO-41 ai129s | inaooa 
asceo20 1901-aos0 | 3 DIODE-SUITCHING 80U 200MA 2NS DO-35 zeaao | 1901-0050 
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Table 5-3. Replaceable Parts (Cont'd) 







































































+ 
Reference HP Part |c Q Descripti Mfr 
. : escription Mfr Part Number 
Designation | Number |0| CtY Pp Code 
ascreet 1901-0050 | 3 DIODE-SWITCHING @0v 200NA 2NS DO-35 zaseo | 1901-0050 
ASEIOL 2110-0002 g 1 FUSE 24 250y NE 75915 312002 
ASF Xx901 arso-o6as | a FUSEHOLDER-CAPTIVE CLIP zaseo | 2110-0643 
ASFX901 2iro-oeas | 6 FUSEHOLDER-CAPTIVE CLIP aeace | 2110-0603 
A3H901 izos-oaas | 7 1 | HEATSINK-T03 HOUNT gesso | 1205-0440 
asH904 ieos-vase | 3 1 | HeATSINK-TO66 BOARD MOUNT anano | 1205-0452 
30901 ress-os0s | a 1 | TRANSISTOR PRE 2NSB7S SI TO-s Fb=1SuN varia | 2nse7s 
asa7oe 1954-0472 | 2 2 | TRANSISTOR NPN ST DARL PD=So0RW 04713 | nps-aia 
asa703 1954-0087 | 5 1 | TRANSISTOR NPN SI PD=360HW FT=75NHZ zeaa0 | 1954-0087 
a30904 iasa-0756 | 5 1 | TRANSISTOR NPN 2NOSI5 SI To-66 PD=70u oa7i3 | 2N6sis 
30708 tasa-oa72 | 2 TRANSISTOR NPN SI DARL PD=5UOMY oa7ia | mps-aia 
asevor 0757-0449 | 6 1 | RESISTOR 20K 1% .125U F Te=O+-100 2asag | ca-ive-to-euue-r 
ASR902 0757-0aaz | 9 1 | RESISTOR 10K 1% 1125W F TC=0+-100 2asae | C4-178-T0-1002-F 
ABRIOS 0699-0032 | 9 1 | RESISTOR 71.05K .25% .125W F TC=0+-s0 2eaao | 0699-0032 
AaR904 oeva-6270 | 7 1 | RESISTOR 125K .25% 125" F Te=0+-50 zeaeo | 0498-6270 
AaRIOS 0693-3335 | 8 2 | RESISTOR 33K Sz .25W FC TC=-400/+000 o1ia1 | ceasas 
ASR 708 vees-271s | 6 2 | resrsror 270 sx .2% orien | cue7as 
®3R907 oge3-6a3s | 9 2 | RESISTOR 68k 5x oiias | creags 
ABR908 0757-0465 | 6 RESISTOR 100K 1% 2asae | C4-1/8-To-1003-F 
BRIO? osse-35sa | 8 1 | Reststor 4.02K 1%".125u F TC=0+-100 2agas | C4-1/8-T0-a021-F 
A3R910 aere-saa0 | 7 1 | ReStSTOR 196 1% .125u F To=0+-100 2a5a6 | cé-1/8-10-196R-F 
aaRan 0757-0467 | 6 1 | kesrsror 121k 1% .125u F Te=0r-100 zasae | ca-1/e-1o-1213-F 
ABROIZ 0757-0465 | 6 RESISTOR 100K 1% .125W F To=0+-100 24546 | C4-178-T0-1003-F 
ARIE ose3-sa35 | | 9 RESISTOR 60K S% .25W FC TC=-400/+G00 oria1 | cRoass 
ABRIL osaa-3055 | 9 1 | Reststor 3H 5% .25W FC TC=-900/+1100 aa121 | ces0ss 
aRais 069-0077 | 0 1 | RESISTOR 93.1K iz 125" F TC=0r-100 osaes | PHFSs-1/8-To-9812-F 
AaRois vsse-sase | 1 1 | ReststoR 147K 1% .125W F To#0+-100 C41/8-T0-1473-F 
ABRIL 0683-3335 |e RESISTOR 33K 5X .25 FC TC=-400/+800 CRISES 
ABRIIF veas-3328 | & 1 | RESISTOR 3.3K 5x .25u FC To=-400/+700 cKs325 
aaR920 o6e3-2715 | 6 RESISTOR 270 S% .25U FC TC=-400/+600 cre715, 
A3R921 0663-2205 | 9 1 | RESISTOR 22 5% .25u Fo Te=-a00/+500 ce208 
aseves oove-siee | 0 1 | RESISTOR 4.4K 1% 125 F To=or-100 Ca~1/8-T0~aba2-F 
ABR924 oese-3220 | 9 RESISTOR 9.9K 1% 1125 F TC=0+-100 678-3228 
AaRIES oses-105s | 5 a | RESISTOR 1M'Sx 284 FC Te=-000/+900 cpi1085 
wart 922 0837-0220 | 1 THERMISTOR-ROD TP 10K OHH apasu | 0037-0220 
asv901 sio-a20e | 9 1 2sano | 9100-4206 
A3u901 ieze-osaa | 0 1 |v rer 9-pre-c oamis | mciaosu 
asuvoe 1e26-0138 |e 1 | Te COMPARATOR GP QUAD 14-Di1P-# PKG 01295 | LMsseN 
a3ug0s 1620-1745 | 3 2 | TC Gate cHOS NOR QUAD 2-INP naa | mci ao1 mcr 
Asur0s vean-174 | 3 IC GATE CMOS NOR QUAD 2-INP 04713 | nciaooiBce 
3090S, re20-2466 | 7 1 | Ic THER cHos 32293 | ICH75301PA 
asuvor siz0-3487 | 7 1 | CONNECTOR-16-PIN 6INSR aeane | |e120-3007 
OPT, 001 MISCELLANEOUS PARTS 
razo-v2e7 | 8 1 | artery RECHARGER-6Y SLD zeaao | 1420-0207 
aiz0-3480 | 0 1 | CABLE-LuGGED 1254n 2eaao | 8120-3400 
aizo-saer | 1 1 | CasLe-LucceD 100nn zeano | 8120-3401 
MISCELLANEOUS PARTS 
03460-60201 | 5 1 | ASSEMBLY-FRONT PANEL zeano | 03460-60201 
ogaee-o0e01 | 3 1 | SHIELD-Pc ctor) 2aase | 05468-00601 
5061-1166 | 6 1 | pispLay-oava Assy zeaeo | Sa6i-1166 
7i20-3530 | 6 1 | LABEL-WaRNING zeane | 7120-3530 
aizo-s370 | 0 1 | PULL TO ROTATE LABEL peaeo | 7120-8370 
7120-8007 | 2 1 | LaBEL-nETRIC HARDWARE zeane | 7120-0607 
aiai-eaza | 7 1 | SERTAL NUMBER, ETC. zeano | 7121-2420 
niai-2aae | 7 1 | OPERATION LABEL 2eago | 7121-2046 
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Table 5-4. 3468A Mechi 








0370-0603 
03468-60201 
2360-0137 
0900-0010 
7121-2446 
5040-8058 
03468-64401 
4040-1126 
5040-8044 
2360-0209 
03468-00601 
2360-0117 
4135-0415 
0510-0585 
03468-00602 
0624-0333 
5001-1872 
0515-0226 
0515-0067 
03468-00101 
03468-01201 


Pushbutton (Power Switch) 
Front Panel Assembly 
Screw 

0 Ring 

Operation Label 
Handle-Bail 

Bottom Shell Assembly 
Top Shell Assembly 
‘Spacer Shell 

Screw 

Shield 

Screw 

Push Rod 

Push-on Fastener 

Bottom Shield 

Screw 

Display 

Screw 

Screw 

Top Shield $$ 
Battery Cover 
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Figure 5-2. 3468A Bottom View F 
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Figure 5-3. 3468A Inside View 











Figure 5-4. 3468A Top View Figi 

















Figure 5-6. 3468A Bottom Cover 
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Figure 5-8. Top Cover View (with optional Battery Charger) 
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SECTION VI 
BACKDATING 


6-1. INTRODUCTION 


6-2. This section has information which adapts this 
manual to instruments with serial numbers below the 
ones shown on the title page. Since this manual does 
directly apply to instruments having serial numbers 
listed on the title page, no change information is given 
here. 
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SECTION VII 
SERVICE 


7-1, INTRODUCTION 


7-2. This section of the manual has information on how 
to troubleshoot and repair the 3468A multimeter with 
the information given in Service Groups. Preliminary 
troubleshooting procedures to select an appropriate 
group is also given in paragraph 7-24, It is recommend- 
ed to use the procedures first, before going to a service 
group. Section VII also has the 3468A’s complete 
Theory of Operation (in Service Group F), the complete 
Schematics (in Service Group G), and the necessary 
safety considerations. The section is separated as 
follows: 


NOTE 


The 3468A ’s Theory of Operation is in Ser- 
vice Group F (next to the last group). 


a. Safety Considerations - paragraph 7-3. 
b. Recommended Test Equipment - paragraph 7-8. 
c. Miscellaneous Information - paragraph 7-10. 


1. Instrument Disassembly (PC Board Replace- 
ment) - see Section V. 


2. Fuse Replacement - paragraph 7-13. 
d. Troubleshooting - paragraph 7-15. 
1. Introduction - paragraph 7-16. 
2. 3468A Self-Test - paragraph 7-18. 
3. Service Group Selection - paragraph 7-24. 
7-3. SAFETY CONSIDERATIONS 


7-4, The 3468A has been designed with international 
safety standards. To maintain these standards, the cau- 
tions, warnings, and other safety related information in 
this manual must be followed when servicing the instru- 
ment. Servicing should only be done by qualified service 
personnel. 


7-5. Calibration, maintenance, or repair of the instru- 
ment with covers removed while any power or voltage is 
applied, should be avoided as much as possible. If any 
work is done while power and/or voltage is applied, the 
work should be carried out by a skilled person who is 
aware of the hazards involved. 


Any interruptions of the protective ground- 
ing conductor (inside or outside the instru- 
ment) or disconnections of the protective 
earth terminal can make the instrument 
dangerous. Intentional interruption of the 
protective grounding conductor is strictly 
prohibited. 


7-6. It is possible for capacitors inside the instrument to 
remain charged when the instrument has been turned 
off or its power source disconnected, 


7-7. Make sure that only the recommended fuse type (fast 
blow, correct current rating, etc.) is used for replacement. 
The use of repaired fuses and the short-circuiting of fuse 
holders must be avoided. 





The service information given in this manual 
is normally used with the instrument’s pro- 
tective covers removed and with power ap- 
plied. Voltage or signals at many points 
may, if contacted, result in personal injury. 


7-8. RECOMMENDED TEST EQUIPMENT 


7-9. The recommended test equipment is listed in Table 
4-2 in Section IV of this manual. 


7-10. MISCELLANEOUS INFORMATION 
7-11. Instrument Disassembly (PC Board Replacement) 


7-12. To replace the 3468A’s main printed circuit 
board, the instrument must be completely disassembled. 
The procedure to disassemble the instrument is in Sec- 
tion V (Replaceable Parts) of this manual, which also 
has a procedure to replace the battery option board. 


7-13. Fuse Replacement 


7-14. The 3468A has two fuses plus an additional fuse 
for the battery option. One fuse is the main power fuse, 
another fuse is to protect the instrument in the DC and 
AC Current Functions, and the battery fuse is to protect 
the Battery Charger Circuitry. The main power fuse and 
the battery option fuse can only be replaced by remov- 
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ing the 3468A’s top cover. Go to Section V of this 
manual for the disassembly procedure. The Amps Fuse 
is located inside the 3468A’s A (Amps) terminal (on the 
front panel). To replace the fuse, first remove any 
cables connected to the A terminal and then turn the in- 
strument off. Use the side slots on the A terminal to 
rotate the terminal counterclockwise. The terminal and 
fuse will then protrude from the front panel. Remove 
the terminal and fuse, and replace the fuse with a 3A at 
250V fast blow fuse (-hp- Part No, 2110-0003). Return 
the terminal and fuse to the front panel. 


7-15. TROUBLESHOOTING 


The instrument contains CMOS Integrated 
Circuits which are susceptible to failure due 
to static discharge. It is especially important 
that grounded tools and wrist straps be used 
when handling or troubleshooting these 
components. 


7-16. Introduction 


7-17. The following paragraphs and Service Groups 
have troubleshooting information and procedures for 
the -hp- Model 3468A Digital Multimeter. Before 
troubleshooting and repairing the 3468A, make sure the 
failure is in the instrument rather than from any exter- 
nal connections. Also make sure the instrument is 
calibrated. 


7-18. 3468A Self-Test 


7-19. The 3468A Self-Test is designed to make sure that 
most of the instrument’s internal logic circuitry is opera- 
tional. The test is selected when the 3468A is first turned 
on or by pressing the blue Shift button and then the 
SGL/TRIG (TEST/RESET) button. The following 
paragraphs have the Self-Test Failures and some 
troubleshooting information. 


7-20. Calibration RAM Error (ERROR 1). If this test 
fails, an attempt made to calibrate the RAM was unsuc- 
cessful. First try to calibrate the 3468A. If the failure is 
still noted, go to Service Group D, paragraph 7-D-12 to 
check the CMOS RAM. 


7-21, RAM Error (ERROR 2). This test shows that the 
Main Controller’s (U501) RAM has failed its internal 
self test. The failure is normally caused by a defective 
US501. To make sure US501 is the cause, go to Service 
Group D, paragraph 7-D-12, for further 
troubleshooting. 


7-22. ROM Error (ERROR 4). This indicates that the 


3468A has failed its internal ROM self test. The Control 
ROM (U502) is the most likely cause. Go to Service 
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Group D, paragraph 7-D-23, for further 
troubleshooting. 


7-23. A/D Converter Error (ERROR 8). This shows 
that the A/D Converter has failed its internal self test. 
Go to Service Group D, paragraph 7-D-32 (A/D Con- 
verter Troubleshooting) for troubleshooting. 


7-24. Service Group Selection 
Table 7-1. 3468A Service Groups 


Title 


DC Volts and DC Current Troubleshooting 
AC Volts and AC Current Troubleshooting 
Ohms Troubleshooting 

A/D Converter and Logic Troubleshooting 
Miscellaneous Troubleshooting (Battery, etc.) 
Theory of Operation 

Schematics 








7-25. The Service Groups have the Troubleshooting In- 
formation, Theory of Operation, and Schematics for 
the 3468A. Service Group F has the Theory of Opera- 
tion and Service Group G has the Schematics. The rest 
of the groups have troubleshooting information. 


7-26. The correct Service Group is selected according to 
failure. Once the failure has been determined, go to the 
recommended group. The following paragraphs lists 
possible failures, general troubleshooting information, 
and corresponding Service Group(s). The Service 
Groups are also listed in Table 7-1. 


7-27. DC Volts and DC Current Failure (Service Group 
A). Typical DC Volts and DC Current Failures are 
Overload, Inaccurate, Constant Zero, Floating, or 
Noisy Readings. Troubleshooting information for these 
failures is in Service Group A. The following explains 
the failures. 


a. Overload. An overload is caused when the reading 
taken by the instrument appears to be larger than the in- 
put actually is. This can be caused by a saturated 
DC/Ohms Input Amplifier or by the A/D Converter. 


b. Inaccurate Readings. Inaccurate readings are nor- 
mally caused when the measurement circuitry is not 
linear. This is because the 3468A is calibrated using zero 
and full scale inputs. Therefore, the full scale and zero 
readings must be good, but any other reading can be in- 
accurate. 


c. Constant Zero Reading. A constant zero reading 
is normally caused when either the input to the 
DC/Ohms Input Amplifier or the input to the A/D 
Converter is shorted to ground (common). It can also be 
caused if no runup is done by the A/D Converter. 
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d. Floating Reading. A floating reading is when the 
3468A displays a certain reading (with no input applied) 
which does not change, after an input is applied to the 
multimeter. This can be caused by the A/D Converter 
and if there is an open in the Input Circuitry. 


e. Noisy Readings. Noisy readings can be caused by 
the Input Circuitry and A/D Converter. 


7-28. AC Volts and AC Current Failures (Service 
Group B). AC Volts and AC Current Failures can be 
Overload, Inaccurate, Floating, or Noisy Readings. 
Troubleshooting information for these failures is in Ser- 
vice Group B. Before going to the service group, check 
and make sure the DC Volts and DC Current Function 
is operating correctly. The DC Volts and DC Current 
failures are explained in paragraph 7-27. The following 
explains the AC Volts and AC Current Failures. 


a, Overload. An overload is caused when the reading 
taken by the instrument appears to be larger than the in- 
put actually is. This can be caused by a saturated AC to 
DC Converter or the A/D Converter. 


b. Inaccurate Readings. Inaccurate readings are nor- 
mally caused when the AC to DC Converter has poor 
frequency response. 


c. Floating Reading. A floating reading is when the 
3468A displays a certain reading (with no input applied) 
which does not change, after an input is applied to the 
multimeter. This can be caused if there is an open circuit 
in the AC to DC Converter or A/D Converter. 


d. Noisy Readings. Noisy readings can be caused by 
the amplifiers and the RMS Converter in the AC to DC 
Converter. 


7-29. Ohms Failures (Service Group C). Typical Ohms 
Failures can be Overload, Inaccurate, Floating, or 
Noisy Readings. Troubleshooting information for these 
failures is in Service Group C. Before going to the ser- 
vice group, check and make sure the DC Volts and DC 
Current Functions are operating correctly. The DC 
Volts and DC Current failures are explained in 
paragraph 7-27. The Ohms Failures are explained as 
follows: 


a. Overload. An overload is caused when the reading 
taken by the instrument appears to be larger than the in- 
put actually is. This can be caused if the ohms current is 
too large. Since the DC/Ohms Input Amplifier or the 
A/D Converter can also cause an overload, make sure 
the DC Volts Function is operating correctly (go to 
paragraph 7-27, if the function fails). 


b. Inaccurate Readings. Inaccurate ohms readings 
can be caused if the ohms current changes value under 
different loads. Inaccuracy can also be caused if the 
measurement circuitry is not linear. Make sure the DC 
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Volts Function is operating correctly (go to paragraph 
7-27, if the function fails). 


c. Constant Zero Reading. A constant zero reading 
is normally caused when the Ohms Current Source does 
not supply any ohms current. The failure can also be 
caused when either the input to the DC/Ohms Input 
Amplifier or the input to the A/D Converter is shorted 
to ground (common). Make sure the DC Volts Function 
is operating correctly (go to paragraph 7-27, if the func- 
tion fails). 


d. Floating Reading. A floating reading is when the 
3468A displays a certain reading (with no input applied) 
which does not change, after an input is applied to the 
multimeter. This can also be caused by the A/D Con- 
verter and the Input Circuitry. Since this is not an ohms 
failure, make sure the DC Volts Function is operating 
correctly (go to paragraph 7-27, if the function fails). 


e. Noisy Readings. Noisy readings can be caused by 
a noisy ohms current. 


7-30. Logic Failures (Service Group D). Logic Failures 
consists of Turn-On, Display, Keyboard, Control 
ROM, Calibration RAM (CMOS RAM), Processor 
RAM, and HP-IL Failures. Go to Service Group D, 
paragraph 7-D-12, if any of the failures are detected. 
The following explains the failures. 


a. Turn-On Failure. A Turn-On Failure is when the 
3468A’s Keyboard, Display, and HP-IB is dead (i.e., 
the 3468A is completely inoperative). This is most likely 
caused by the Main Controller (US01) and associated 
circuitry. 


b. Inoperative Display. An Inoperative Display is 
when part or all of the 3468A’s display is inoperative. 
This can be caused by the display itself or the Main Con- 
troller Circuitry. 


c. Inoperative Keyboard. An Inoperative Keyboard 
is when part or all of the 3468A’s keyboard is in- 
operative. This can be caused by the keyboard itself or 
the Main Controller Circuitry. 


d. Control ROM Failure. A failure caused by the 
Control ROM normally shows up as ‘ERROR 4” (after 
the 3468A’s Self-Test). The ROM (U502) itself can be 
the cause in addition to the Main Controller (U501) and 
latch US08. A defective ROM can also show up as a 
Turn-On Failure. 


e. Processor RAM Failure. This failure shows up as 
“ERROR 2” after the 3468A’s Self-Test routine. It 
shows that the Main Controller’s internal RAM has fail- 
ed its self-test. 


f. Calibration RAM (CMOS RAM) Failure. This 
failure can show up as a ‘ERROR 1” after the 3468A’s 
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Self-Test routine. The RAM (U50Y) itself can be the 
cause or the Main Controller Circuitry. 


g. HP-IL (Remote) Failure. This failure is most like- 
ly caused by the HP-IL Chip (U503), but can also be 
caused by other circuitry in the Chassis Common Logic 
Circuitry. 


7-31. A/D Converter Failures (Service Group D). The 
A/D Converter Failures are normally caused by the 
A/D Converter itself or the Main Controller (U501). Go 
to Service Group D, paragraph 7-D-33 for 
troubleshooting. The following explains the failures. 


a, Overload, Constant Zero, Floating, or Noisy 
Readings. Any one of these failures can be caused by 
the A/D Converter or the 3468A’s Input Circuitry (In- 
put Switching or DC/Ohms Input Amplifier). Since 
both circuitry can cause a failure, a procedure to isolate 
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the circuitry is in both Service Group D and Group A. 
For a definition of the failures, go to paragraph 7-27 
(DC Volts Failures). 


b. A/D Converter Fails. This failure can be caused 
by the A/D Converter or the Main Controller. It shows 
up as ‘ERROR 8”’, after a Self-Test routine. 


c. Input Hybrid (0102) Failure. Since the Input 
Hybrid receives its set-up information from the Main 
Controller, the controller can cause the hybrid to fail. 


7-32. Miscellaneous Troubleshooting (Service Group 
E). Service Group E has some information on how to 
troubleshoot the 3468A’s power supplies, Reference 
Circuitry, and the optional Battery Charger Circuitry. 
The Battery Charger Circuitry fails if the 3468A is 
unable to operate on its internal battery (i.e., the ac 
power source is disconnected), 


SERVICE GROUP A 
DC VOLTS AND DC CURRENT TROUBLESHOOTING 


Service Group A Contents 








Title Paragraph 
Introductions: <6. ov: sass was .. +. T-A-1 
Pre-Troubleshooting Information. »T-A3 
DC Volts Troubleshooting 7 +0 TAS 


Overload, Floating, Constant Zero (with input ap- 








plied), or Noisy Readings on All Ranges...... 7-A-7 
Constant Zero Readings (with no input applied) on 
All Ranges .7-A-D 


Overload, Constant Zero, Floating, or 
Readings on Some Ranges 
Inaccurate Readings on All Ranges. 
Protection Circuitry Troubleshooting. 
Input Circuitry Troubleshooting. . 
Overload Readings on All Ranges. 
Constant Zero Readings on All Ranges. 
Floating Readings on All Ranges 
Noisy Readings on All Ranges 
DC Current Troubleshooting 


7-A-1. INTRODUCTION 


7-A-2. This Service Group has the DC Volts and DC 
Current troubleshooting information for the 3468A. 
The Service Group is symptoms oriented (i.e., what 
fails) with two different levels of troubleshooting. The 
first level determines the general area of the 3468A that 
causes the failure and the second level has specific 
troubleshooting information for the area that fails. 
Unless otherwise specified, refer to Schematic 1 when 
using the troubleshooting procedures. 


The instrument contains CMOS Integrated 
Circuits (e.g. U102) which are extremely 
susceptible to failures due to static 
discharge. It is especially important that 
grounded tools and wrist straps be used 
when handling or troubleshooting these 
components. 


7-A-3. PRE-TROUBLESHOOTING INFORMATION 


7-A-4. Before doing any troubleshooting procedures, 
perform the following: 


a. Check the 3468A’s Power Supplies and make sure 
they are stable, have the correct value, and are not 
oscillating. The power supplies are as follows (see 
Schematic 4): 















Checked 


Power 
Supply at Level 


Voltage 








+ 5V Jumper + 5 + 4.8 Vto + 5.15V 
—15V Jumper —15 — 14.25V to ~15.75V 
+15V Jumper +15 + 14,.55V to +15.45V 


b. Check and make sure the Reference Supplies are at 
the correct level and quiet. The +10V supply can be 
checked at U405 pin 6, the -10V supply at U404 pin 6, 
and the buffered + 10V supply at JM201 (see Schematic 
3). 


7-A-5. DC VOLTS TROUBLESHOOTING 


7-A-6. Typical DC Volts Failures are Overload, Inac- 
curate, Constant Zero, Floating, or Noisy Readings on 
all or some ranges. The following paragraphs have the 
failures and the troubleshooting procedures (see 
paragraph 7-27 for a description of these failures). 


7-A-7. Overload, Floating, Constant Zero (with input ap- 
plied), or Noisy Readings on All Ranges 


7-A-8. If a failure is noted on all ranges, the failure can 
be caused by the Input Circuitry (Input Switching or 
DC/Ohms Input Amplifier) or by the A/D Converter. 
To determine the inoperative circuitry, do the procedure 
which follows this paragraph (the same procedure is 
also in Service Group D). If the procedure has been per- 
formed already, ignore the procedure and go to 
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paragraph 7-D-21 for troubleshooting. If it has not been 
performed, do the following: 


a. Set the 3468A to the DC Volts Function and the 
3V Range. 


b. Turn Autozero off by pressing the blue Shift but- 
ton and then the INT/TRIG (AUTOZERO) button. 


c. Apply a stable +3¥V dc to the INPUT Terminals. 


d. With a Digital Voltmeter (like the 3456A) measure 
for +10V at JM101. 


e. Make sure the reading on the test voltmeter is a 
stable +10V. If the reading on the test voltmeter is a 
stable + 10V, the A/D Converter is at fault. Go to Ser- 
vice Group D for troubleshooting. 


f. If the reading on the test voltmeter is wrong 
(overload, constant zero, floating, or noisy), unsolder 
and lift the end of jumper JM101 which is connected to 
the A/D Converter (toward the front of the 3468A). 


g. If the reading on the test voltmeter is now good, 
the A/D Converter is at fault. Go to Service Group D 
for troubleshooting. 


h. If the reading is still wrong, the Input Circuitry 
(Input Switching and DC/Ohms Input Amplifier) is at 
fault. Go to paragraph 7-A-21 for troubleshooting. 


i, Replace jumper JM101. 


7-A-9. Constant Zero Readings (with no input applied) on 
All Ranges 


7-A-10. Since the 3468A’s 30V and 300V Ranges will 
normally have a constant zero reading with no input ap- 
plied, the other ranges will also be at zero if relay K102 
is shorted. Make sure the relay is good and is not being 
turned on by U102 (zero volts across the coil of K102). 
If the relay is turned on in the .3V and 3V Ranges, U102 
may be defective. 


7-A-11. Overload, Constant Zero, Floating, or Noisy 
Readings on Some Ranges 


7-A-12. The Input Hybrid (U102) in conjunction with 
the Input Relays (K101 through K104) is used to select 
different paths to connect the input signals with the 
DC/Ohms Input Amplifier. The hybrid is also used to 
select the amplifier’s different gain configurations. 
Because of this, a relay or U102 can make certain ranges 
fail. 


7-A-13. Overload. An overload condition exists if the 
DC/Ohms Input Amplifier’s feedback circuitry is open. 
Since the feedback circuitry is in U102, the hybrid is 
most likely defective. 
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7-A-14. Constant Zero Reading. The most likely cause 
is the Input Hybrid (U102). 


7-A-15. Floating Readings. A floating reading is nor- 
mally caused when an input path to the DC/Ohms Input 
Amplifier is open. Check for the following: 


a. If the .3V and 3V Ranges are defective, do the 
following: 


1, Short across the contacts of relay K101. 


2. If the ranges are now good, make sure K101 
is energized (5V dc across the coil). If K101 is 
energized, replace the relay. If not, U102 may be 
defective. 


3. If, after replacing K101, the ranges still fail, 
U102 may be defective. 


b. If the 30V and 300V Ranges are defective, do the 
following: 


1. Short across the contacts of relay K102. 


2. If the ranges are now good, make sure K102 
is energized (SV dc across the coil). If K102 is 
energized, replace the relay. If not, U102 may be 
defective. 


3. If, after replacing K102, the ranges still fail, 
U102 may be defective. 


7-A-16. Noise. Noise can be caused by a FET switch in- 
ternal to the Input Hybrid (U102) and U101. Replace 
U101 and then U102 if noise is noted on some ranges. 


7-A-17. Inaccurate Readings on All Ranges 


7-A-18. Inaccurate readings normally show up as other 
than positive full scale readings. This is because the 
3468A is calibrated using zero and positive full scale (or 
1/3 scale) inputs. Inaccurate readings can be caused by 
the Input Circuitry (Input Hybrid or DC/Ohms Input 
Amplifier). Try replacing U101 and then U102. 


7-A-19. PROTECTION CIRCUITRY 
TROUBLESHOOTING 


7-A-20. This circuitry consists of E101 and various 
diodes in U102. If all ranges fail, try replacing E101. If 
the ranges still fail or some ranges fail, the most likely 
cause is U102. 


7-A-21. INPUT CIRCUITRY TROUBLESHOOTING 


7-A-22. The Input Circuitry consists of the Input 
Switching Circuitry and the DC/Ohms Input Amplifier. 
Before troubleshooting the circuitry, make sure the 
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failure 1s not caused by the A/D Converter. Go to 
paragraph 7-A-5 to determine the faulty circuitry, if it 
has not been done already. 


7-A-23. Overload Readings on All Ranges 


7-A-24, An overload can be caused when the output of 
the DC/Ohms Input Amplifier is too high. This can be 
caused by an excessive input to the amplifier, open feed- 
back, or a defective amplifier. Do the following: 


a. Set the 3468A to the DC Volts Function and the 
3V Range. 


b. Make sure Autozero is turned off (see paragraph 
7-A-8 step b). 


c. Short the 3468A’s INPUT Terminals. 


d. With a high impedance Digital Voltmeter (like the 
3456A) measure for zero volts (+ 1mV) at U101 pin 3 
(U102 pin 10). 


e. If the reading on the test voltmeter is other than 
zero volts (i.e., above 1 mV), the Input Hybrid is defec- 
tive. Replace U102. 


f. If the reading is good, connect pin 6 and pin 2 
(U102 pin 3 and 9) of U101 to each other. Using the test 
voltmeter, measure for zero volts (+3mV) at pin 6 of 
UI01. 


g. If the reading is good (less than +3mV), the 
amplifier feedback circuitry is defective. Replace U102. 


h. If the reading is wrong (greater than 3mV), the 
amplifier is defective. Replace U101. 


7-A-25. Constant Zero Readings on All Ranges 


7-A-26. A constant zero reading is normally caused 
when the input or output of the DC/Ohms Input 
Amplifier is shorted to ground. Make sure pin 1 and pin 
13 of U102 and pin 6 of U101 are not shorting to 
ground. If no shorts are noted, do the following: 


a, Set the 3468A to the DC Volts Function and the 
3V Range. 


b. Make sure Autozero is turned off (see paragraph 
7-A-8 step b). 


c. Using an external power supply with a 100K ohm 
resistor in series, apply +3V to pin 3 of U101. (Connect 
one end of the resistor to pin 3 of U101 and the other 
end to the power supply.) 


d. Using a high impedance Digital Voltmeter (like the 
3456A), make sure the voltage at the resistor end con- 
nected to pin 3 of U101 is +3V. 
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e. Lf the voltage is loaded down, the Input Hybrid is 
defective. Replace U102. 


f. If the voltage is +3V, measure (using the test 
voltmeter) for approximately + 10V at U101 pin 6. 


g. If the voltage is incorrect, the Input Amplifier is at 
fault. Replace U101. 


h. If the voltage is good, the Input Hybrid (U102) 
may be defective. 


7-A-27. Floating Reading on All Ranges 


7-A-28. A floating reading is normally caused when an 
open exists between the DC/Ohms Input Amplifier and 
the instrument’s INPUT Terminals. Before 
troubleshooting the instrument, make sure the wires 
from the INPUT Terminals to the mother board are 
good. If they are good, do the following: 


a. Set the 3468A to the DC Volts Function and the 
3V Range. 


b. Make sure Autozero is turned off (see paragraph 
7-A-8 step b). 


c. Using an external power supply, apply +3V to the 
3468A’s INPUT Terminals. 


d. Connect the 3468A’s HI INPUT Terminal to U101 
pin 3 (U102 pin 10). 


e. If the displayed reading on the 3468A is still a 
floating reading, replace U101. 


f. If the displayed reading on the 3468A is + 3V, the 
Input Hybrid (U102) may be at fault. 


7-A-29. Noisy Readings on All Ranges 


7-A-30. Noisy readings can be caused by the Input 
Hybrid or the DC/Ohms Input Amplifer. Do the 
following: 


a. Set the 3468A to the DC Volts Function and the 
3V Range. 


b. Make sure Autozero is turned off (see paragraph 
7-A-8 step b). 


c. If the reading on the 3468A is quiet with Autozero 
off, the Input Hybrid is defective. Replace U102. If the 
reading is still noisy, continue with the next step. 


d. Connect pin 6 and pin 2 (U102 pin 3 and 9) of 
U101 to each other. 


e. Apply a stable +3V to the 3468A’s INPUT Ter- 
minals. 
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f. Using a high impedance Digital Voltmeter (like the 
3456A) measure for a stable +3V at U101 pin 3. 


g. If the voltage is noisy, replace the Input Hybrid 
(U102). 


h. If the voltage is stable, measure for a stable +3V 
at pin 6 of U101L. 


i. If the voltage is noisy, replace U101. If the voltage 
is stable, replace U102 (Input Hybrid). 
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7-A-31. DC CURRENT TROUBLESHOOTING 


7-A-32. Make sure the DC Volts Function is operating 
correctly on all ranges, before troubleshooting for de 
current failures. Go to paragraph 7-A-5 to troubleshoot 
for DC Volts Failures. If the DC Volts Function is 
good, the only components that can cause a current 
failure are an open current fuse (F101), a defective 
resistor R107, or the Input Hybrid U102. Make sure 
F101 and R107 are good. If the resistor and fuse are 
good, U102 may be defective. 
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7-B-1. INTRODUCTION 


7-B-2. This Service Group has the AC Volts and AC 
Current troubleshooting information for the 3468A and 
is symptoms oriented (i.e., what fails). Before 
troubleshooting for AC Volts or AC Current Failures, 
make sure the 3468A’s DC Volts and DC Current Func- 
tions are operating correctly (go to Service Group A, if 
the functions fail). These functions must be good, 
before the AC Volts and AC Current Functions can 


operate. 


The instrument contains CMOS Integrated 
Circuits (e.g. U102) which are extremely 
susceptible to failures due to static 
discharge. It is especially important that 
grounded tools and wrist straps be used 
when handling or troubleshooting these 
components. 


7-B-3. AC VOLTS TROUBLESHOOTING 


7-B-4. An AC Volts Failure can be Overload, Inaccurate, 
Floating, or Noisy Readings on all or some ranges. The 
following paragraphs have the failures and 
troubleshooting procedures (go to paragraph 7-28 for a 
description of these failures). Unless otherwise specified, 
refer to Schematic 2 for the following troubleshooting 
procedures. 





7-B-5. Overload, Floating, or Noisy Readings on All 
Ranges 

7-B-6. An overload reading can be caused if one of the 
amplifiers or the RMS Converter in the AC to DC Con- 
verter is saturated. A floating reading can be caused if 
there is an open circuit in the AC to DC Converter. 
Noisy readings can be caused by any of the amplifiers in 
the converter, or by faulty bypass capacitors. 





7-B-7. Before troubleshooting the AC to DC Con- 
verter, make sure relay K104 (see Schematic 1) is good 
and is energized (5V dc across the coil). If the relay is 
not energized, U102 may be defective. If K104 is good, 
do the following procedure. 


a. Set the 3468A to the AC Volts Function and the 
3V Range. 


b. Apply a stable 3V at 1KHz sine wave to the 
3468A’s INPUT Terminals. 


c. Using a stable Digital Voltmeter (like the 3456A), 
measure for approximately +3¥V dc at jumper JM302. 


d. If the reading is a stable +3V de, do the follow- 
ing: 
1. Apply 1V at IKHz to the INPUT Terminals. 
2. If the test voltmeter now reads a stable + 1V 
de at JM302, the AC to DC Converter is good. 
Make sure the DC Volts Function is operating cor- 
rectly. 


3. If the DC Volts Function is good, replace the 
A/D Hybrid (U403). 


e. If the reading is other than approximately +3¥V or 
noisy, measure for approximately .12V ac at jumper 
JM303. Make sure the reading on the test voltmeter is 
stable. 

f. If the reading is good, do the following: 

1. Measure for a stable 3V ac at pin 4 of U303. 
2. If the reading is good, replace U303. 


3. If the reading is wrong, lift the end of 
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capacitor C304 which is connected to pin 4 of 
U303. Then measure for a stable 3V ac at the lifted 
end of the capacitor. 


4. If the voltage is good, replace U303. 


5. If the voltage is still wrong, make sure the 
voltage at pin 6 of U302 is a good stable 3V ac. 


6. If the voltage is good, capacitor C304 or 
C306 is defective. 


7. If the voltage is unstable or wrong, connect 
pin 6 to pin 2 of U302 (use a very short lead to 
connect the pins, to prevent oscillations). If the 
reading at pin 6 is now a stable .12V, the feedback 
resistors of U302 are defective. If the .12V is 
wrong, replace U302. 


g. If the reading at JM303 is other than .12V ac or 
unstable, replace U301. If the AC Volts Function is still 
inoperative, U102 may be defective. 

7-B-8, Inaccurate Readings on All Ranges 
7-B-9. Since the 3468A’s AC to DC Converter is 


calibrated with an input voltage at a frequency of IKHz, 
inaccuracy can result from poor frequency response. 
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Since the high frequency is compensated by C302 or 
C305,make sure the capacitors are good. If the 
capacitors are good, try replacing U301 and if still inac- 
curate, try U102. 


7-B-10. Overload, Inaccurate, Floating, or Noisy Readings 
on Some Ranges 


7-B-11. Since all ranging of the AC to DC Converter is 
done in the Input Hybrid U102, the hybrid is the most 
likely cause for ac failures on some ranges. 


7-B-12. AC CURRENT TROUBLESHOOTING 


7-B-13. Make sure the DC Current and AC Volts Func- 
tions are operating correctly on all ranges, before 
troubleshooting for ac current failures. Go to paragraph 
7-B-3 to troubleshoot the AC Volts Failures and Service 
Group A for the DC Current Failures. If the functions 
are good, the only component that can cause a failure is 
the Input Hybrid U102. 


7-B-14. OVERLOAD PROTECTION CIRCUITRY 
TROUBLESHOOTING 


7-B-15. All of the ac functions overload protection cir- 
cuitry is in U102. Replace the hybrid, if defective. 





SERVICE GROUP C 
OHMS TROUBLESHOOTING 


Service Group C Contents 


Title 
Introduction......... 


2-Wire and 4-Wire Ohms Troubleshooting. 


Paragraph 
-7-C-1 
-7-C-4 








Overload Readings on All Ranges............ 


Constant Zero Reading on All Ranges. . 


Noise on All Ranges 





Floating Readings on All or Some Ranges. ; .7-C-14 
Overload, Noise, or Constant Zero 


Readings on Some Ranges 
Ohms Protection Circuitry Troubleshooting. 
Ohms Current Source Troubleshooting 
4-Wire Ohms Troubleshooting 


7-C-1. INTRODUCTION 


7-C-2. This Service Group has the Ohms 
troubleshooting information for the 3468A and is symp- 
toms oriented (i.e., what fails). Unless otherwise 
specified, refer to Schematic 1 when using the 
troubleshooting procedures. 


7-C-3. Most ohms failures will show up in both the 
2-Wire and 4-Wire Ohms Function with the 
troubleshooting procedure given in paragraph 7-C-4. If 
a failure shows up in only the 4-Wire Ohms Function, 
go to paragraph 7-C-22 for troubleshooting. 


The instrument contains CMOS Integrated 
Circuits (e.g. U102) which are extremely 
susceptible to failures due to static 
discharge. It is especially important that 
grounded tools and wrist straps be used 
when handling or troubleshooting these 
components. 


7-C-4. 2-WIRE AND 4-WIRE OHMS TROUBLESHOOTING 


7-C-5. An Ohms Failure can be Overload, Inaccurate, 
Constant Zero, Floating, or Noisy Readings on some or 
all ranges. A failure should show up with an appropriate 
input applied to the 3468A. For example, an overload 
failure on the 3K ohm Range should show up with a 3K 
ohm resistor applied to the input. The following 
paragraphs have the ohms failures and the 
troubleshooting procedures (go to paragraph 7-29 for a 
description of the failures). 


peelaamnenese eres 7-C-16 
7-C-18 
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7-C-6. Overload Readings on All Ranges 


7-C-7. An Overload is normally caused by a high ohms 
current (or an open between the INPUT Terminals and 
the Input Circuitry). Make sure the DC Volts Function. 
is operating correctly before troubleshooting for an 
ohms failure. Do the following procedure. 


a. Set the 3468A to the 2-Wire Ohms Function and 
the 3K ohm Range. 


b. Connect a 3K ohm Resistor to the 3468A’s INPUT 
Terminals. 


c. Using a high impedance Digital Voltmeter (like the 
3456A), measure the voltage between pin 17 and pin 19 
of U102. Connect the low input of the voltmeter to pin 
17 and the high input to pin 19. 


d. If the reading on the test voltmeter is +4V de and 
the 3468A displays an overload, the Range Resistors in 
U102 may be too low. Replace U102. 


e. If the reading is other than +4V dc, the Ohms 
Current Source is defective. Go to paragraph 7-C-20 for 
troubleshooting. 


7-C-8. Inaccurate Readings on All or Some Ranges 


7-C-9. This failure is normally caused when the ohms 
current changes value due to a load change. Do the 
following procedure. 


a. Set the 3468A to the 2-Wire Ohms Function and 
the 3K ohm Range. 


b. Connect a 3K ohm Resistor to the 3468A’s INPUT 
Terminals. 
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c. Using a high impedance Digital Volumeter (like the 
3456A), measure the voltage across R204. Since the 
ohms current on the 3K ohm Range is 1mA, the voltage 
should be approximately .47V dc. 


d. If the voltage is radically wrong, the ohms current 
is incorrect. Use the overload troubleshooting pro- 
cedure (in paragraph 7-C-6) to determine the faulty cir- 
cuitry. 


e. If the voltage is good, remove the 3K ohm Resistor 
from the INPUT Terminals. Then short the INPUT 
Terminals. 


f. If the voltage across R204 changes, the Output 
PMOS FET in U102 or the Ohms Protection Circuitry 
may be defective. Make sure Q201 through Q205 are 
good. If they are, replace U102. 


7-C-10. Constant Zero Reading on All Ranges 


7-C-11. A Constant Zero Reading is normally caused 
when the ohms Current Source supplies no ohms cur- 
rent (current at zero value). Since no current goes 
through the resistor to be measured, no voltage drop 
across the resistor is developed and the 3468A measures 
zero volts (zero reading). A no-current condition can be 
caused by an open circuit between the Ohms Current 
Source and The INPUT Terminals, or by a defective 
Current Source. Do the following procedure. 


a. Set the 3468A to the 2-Wire Ohms Function and 
the 3K ohm Range. 


b. Connect a 3K ohm Resistor to the 3468A’s INPUT 
Terminals. 


c. Using a clip lead, connect pin 15 of U102 to the 
3468A’s HI INPUT Terminal. 


d. If the 3468A still shows a constant zero reading, 
the Ohms Current Source is inoperative. Go to 
paragraph 7-C-20 for troubleshooting. 


e. If the Ohms Function is now operating correctly, 
do the following: 


1. Disconnect the clip from the HI INPUT Ter- 
minal and connect it to the collector of Q204 
Gunction of Q204, R203, and anode of CR201). 
Leave the other end of the clip lead connected to 
pin 15 of U102 for the checks that follow. 


2. If the Ohms Function is now inoperative, 
check for an open Q201 through Q204. 


3. If the Ohms Function is still operating, 


disconnect the clip lead from Q204 and connect it 
to the cathode of CR201. 
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4. If the function is now inoperative, check for 
an open CR201, 


5. If the function is still operating, check for an 
open K103, R204, or L201. Make sure K103 is 
energized (+5V across the relay coil), before 
replacing the relay. If the relay is not energized, 
U102 may be defective. 


7-C-12. Noise on All Ranges 


7-C-13. Noise on all ranges is normally caused by a 
noisy ohms current. Do the following procedure. 


a. Set the 3468A to the 2-Wire Ohms Function and 
the 3K ohm Range. 


b. Connect a 3K ohm Resistor to the 3468A’s INPUT 
Terminals. 


c. Using a clip lead, connect pin 15 of U102 to the 
3468A’s HI INPUT Terminal. 


d. If the Ohms Function is quiet, noise is 
caused by the Ohms Protection Circuitry. Check Q201 
through Q204. 


e. If the Ohms Function is still noisy, check the 
following: 


1. Using a high impedance Digital Voltmeter 
(like the 3456A), make sure the voltage at U201 
pin 6 is a quiet +12V (<10uV change). Replace 
U201, if noisy. If the voltage is still noisy, try 
U102, 


2. If the voltage at U201 pin 6 is good, measure 
for a quiet + 12V at U202 pin 6 (< 10uV change). 
Replace U202, if noisy. If the voltage is still noisy, 
replace U102. 


3. If the voltage at U202 pin 6 is good, replace 
U203. If the ohms function is still noisy, replace 
U102. 


7-€-14. Floating Reading on All or Some Ranges 


7-C-15. A Floating Reading is normally caused by an 
open circuit between the INPUT Terminals and the 
DC/Ohms Input Amplifier. Make sure the DC Volts 
Function is operating correctly, before suspecting an 
ohms failure. If the failure shows up in the Ohms Func- 
tion only, U102 may be defective. 


7-€-16. Overload, Noise, or Constant Zero Readings on 
Some Ranges 


7-C-17. Failures on some ranges can only be caused by 
the Input Hybrid U102. This is because the hybrid is 
used to configure the current source for the different 
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ranges. If at least one range is good, the Ohms Current 
Source is operating. 


7-C-18. OHMS PROTECTION CIRCUITRY 
TROUBLESHOOTING 


7-C-19. The Ohms Protection Circuitry is used to pro- 
tect the Ohms Current Source from excessive positive or 
negative input voltages. To make sure the circuitry is 
operational, check the following: 


a. To check the circuitry operation for positive input 
voltages, do the following: 


1. Set the 3468A to the 2-Wire Ohms Function 
and the 3K ohm Range. 


2. Connect a 1K ohm resistor from pin 15 of 
U102 to ground (positive side of capacitor C313). 


3. Connect a high impedance Digital Voltmeter 
(like the 3456A) across the 1K ohm resistor. 


4. Acquire a variable 0-10V power supply. Set 
the supply for a OV output and connect it to the 
3468A’s INPUT Terminals. 


5. Measure for approximately 1V de across the 
1K ohm resistor. If the voltage is wrong, the Cur- 
rent Source may be defective (go to paragraph 
7-C-20 for troubleshooting). 


6. Adjust the power supply until it outputs 
+10V. If the voltage across the 1K ohm resistor 
remains at approximately + 1V, the Ohms Protec- 
tion Circuitry does protect from positive input 
voltages. 


7. If the voltage does not remain at +1V, 
replace CR201. 


b. To check the circuitry operation for negative input 
voltages, do the following: 


1, Leave the same set up as in step a, except 
bring the variable power supply down to OV. The 
voltage across the 1K ohm resistor should again be 
+1V. 


2. Reverse the power supply output leads and 
apply -10V dc to the 3468A’s INPUT Terminals. 


3. The voltage across the 1K ohm resistor 
should go down to approximately zero volts or 
some positive voltage. 


4. If the voltage is good, the Ohms Protection 
Circuitry is operating correctly. 


5. If the voltage changes polarity (negative 
voltage), the Ohms Protection Circuitry is in- 
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operative, Measure for approximately -.6V at the 
source and drain of Q205. If the voltage is high or 
zero, replace Q205. If the voltage is good, check 
for a defective Q201 through Q204. 


7-€-20. OHMS CURRENT SOURCE TROUBLESHOOTING 


7-C-21. The Ohms Current Source consists of a Voltage 
Reference, Buffer and Range Resistors, and a Gate Bias 
Amplifier. Before troubleshooting the current source, 
make sure the + 10V reference is good at JM201. To 
troubleshoot the Ohms Current Source, do the follow- 
ing procedure, 


a. Set the 3468A to the 2-Wire Ohms Function and 
the 3K ohm Range. 


b. Using a high impedance Digital Voltmeter (like the 
3456A), measure the voltage at pin 2 and pin 3 of U203 
(U102 pins 17 and 18, respectively). Make sure the 
voltage on both pins is approximately +8V. 


c. If the voltages are not approximately the same, 
replace U203. 


d. If the voltages on both pins are wrong (other than 
+8V), but are approximately the same, do the follow- 
ing: 


1. Measure for approximately + 12V at pin 6 of 
U201. 


2. If the voltage at pin 6 of U201 is +12V, 
replace U102. 


3. If the voltage at pin 6 of U201 is other than 
+12V, measure for approximately +8V at pin 3 
of U201. 


4. If the voltage at pin 3 of U201 is wrong, 
replace U102. 


5. If the voltage is good, connect pin 6 to pin 3 
of U201 (U102 pin 6 to pin 7). 


6. Measure for approximately + 8V at pin 6 of 
U201. 


7. If the voltage at pin 6 of U20] is +8V, 
replace U102. 


8. If the voltage is other than +8V, replace 
U201. 


e. If the voltages on both pins of U203 are approx- 
imately + 8V, do the following: 


1. Measure for approximately + 12V at pin 6 of 
U202. 
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2. If the voltage is wrong, connect pin 6 to pin 3 
of U202. 


3. If the voltage is now good, replace U102. 
4. If the voltage is still wrong, replace U202. 


f, If the Ohms Current Source is still inoperative, 
replace U203 and then U102. 
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7-C-22. 4-WIRE OHMS TROUBLESHOOTING 


7-C-23. The only difference between the two ohms 
functions is that the 4-Wire Ohms Function uses the 
Ohms SENSE Terminals and a different input path in 
U102. Make sure the wires from the terminals are con- 
nected correctly. Also, make sure the lead resistance of 
the test used in the 4-Wire Ohms Function is not ex- 
cessive (<1/30 of full scale reading in the LO INPUT 
lead and <1/3 of full scale in the HI INPUT lead). If 
everything appears to be good, U102 may be defective. 
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A/D CONVERTER AND LOGIC TROUBLESHOOTING 
SERVICE GROUP D 


Title 
Introduction. . 


Theory of Operation (Cross Reference). . 
Pre-Troubleshooting Checks. . 
Rear Panel Switch........ 
Logic Failures and Troubleshooting . 


Self-Test 
Turn-On Failures. 
Free Running SA 


(Processor Kernal Test) - SAO... . 
General Signature Analysis - SA1. 





Paragraph 
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Troubleshooting the A/D Converter. ... . 


Check the Reference Voltages. 


Integrator Test 


A/D Converter Circuitry Test - SA2 


7-D-1, INTRODUCTION 


7-D-2. This Service Group has Logic Circuitry and 
A/D Converter troubleshooting information for the 
3468A. Choose the correct troubleshooting information 
by referring to the 3468A’s failures and failure symp- 
toms, given in this service group. 


7-D-3. Most of the procedures in this Service Group re- 
quire a Signature Analyzer (HP 5004A) for 
troubleshooting. In addition, two 5’’ Pomona clips will 
be useful (HP part-number 8120-1926). 

7-0-4. THEORY OF OPERATION (CROSS REFERENCE) 
7-D-5. Logic - Paragraph 7-F-50. 

7-D-6. A/D Converter - Paragraph 7-F-31. 

7-D-7. HP-IL - Paragraph 7-F-62. 

7-D-8. PRE-TROUBLESHOOTING CHECKS 


7-D-9, Before troubleshooting the 3468A tor a Logic or 
A/D failure, check the following: 


a. Check the 5V supply and make sure it is good. The 
supply should be between +4.9V and +5.1V. If the 
supply is inoperative, go to Service Group E for 
troubleshooting. 


b. Make sure the RESET line of the Main Controller 
(U501pin 4) is high. If the line is low, try replacing US50 
and then U504. 








c. Make sure ALE at JMSO1 is good as shown in 
Figure 7-D-1. If the signal is missing or incorrect, make 
sure the microprocessor’s clock, US01(pins 2 and 3) is 
6MHz. If the clock signal is missing or wrong, try 
replacing the crystal Y501. If the signal is still wrong, 
replace USO1. 


Pos. Trig. 








Figure 7-D-1. ALE at JM505 
7-D-10. REAR PANEL SWITCH 


7-D-11. Before troubleshooting, be sure that S501, the 
8 pin dip switch located near the rear panel, has a nor- 
mal operating configuration. See Table 7-D-1. 


7-D-12. On the rear panel of the 3468A there is easy ac- 
cess to four of the eight pins of S501. Access to the other 
four pins may be gained by taking the top cover off the 
instrument, and gently lifting the black HP-IL input 
jack. 
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_ Table 7-D-1. $501 Configurations 














‘Switch Switch State 
Number | Open or up (0) | Closed or down (1) 
1 Talk Only Mode Normal 
2 Not Used Not Used 
3 | Power On SRQ | Normal 
4 Not Used Not Used 
5 | 50Hz 60Hz 
6 — | Normal SAI* 
7 Normal SA2* 
8 | Normal Enable Calibration 
*SA 1 and SA 2 switches must not be closed at the same time. 
SA 2 causes the display to go blank. 








7-D-13. LOGIC FAILURES AND TROUBLESHOOTING 


The 3468A contains CMOS devices which 
are extremely sensitive to static electricity 
damage. It is especially important that 
grounded tools and wrist straps be used 
when handling or repairing the 3468A, All 
standard service procedures for preventing 
static electricity component damage should 
be followed when handling or 
troubleshooting these components. 


7-D-14. Self-Test 


7-D-15. Turn off the instrument, then turn it on again 
When the 3468A is powered on, it executes a self-test. 
First, it displays all segments of its display except the 
upper dot of the colons. It then checks its ROM, RAM, 
calibration RAM, and A/D converter. If the 3468A 
passes these tests, the display will read “‘SELF-TEST 
OK”’ for one second. 


7-D-16. If Self-Test is good and you still suspect a 
digital failure, go to paragraph 7-D-26, General 
Signature Analysis (SA1). 


7-D-17, If there is no meaningful information or the 
display is blank, go to paragraph 7-D-21, Turn-on 
Failure. 


7-D-18. If one or more failures are detected, ““ERROR 
dd’? will appear in the display for about one second. 
The decimal number, dd, is the arithmetic summation 
of the individual error message numbers. The error 
message numbers are: 


1 Calibration RAM error 
2 RAM error 

4 ROM error 

8 A/D converter error 


If for example, the unit had a detective ROM and was 
not calibrated, the display would read ERROR 5, which 
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is error | (calibration RAM error) + error 4 (ROM er 
ror). Notice that any combination of errors will give a 
unique number. 


7-D-19. The one second message can be extended by 
holding down any key. The message will be held in the 
display as long as the key is held down. After self-test 
the 3468A enters its reset state which is DC Volts. 
Autorange, Autozero on, Internal Trigger, and 5 1/2 
Digit Display mode. 


7-D-20. The following steps give a description of what 
each test does and what to do if it fails. When there is 
more than one error, solve a calibration error LAST. 


a. Calibration RAM Error (1). This test performs a 
checksum on the Calibration RAM, so if the test passes, 
all calibration constants are stored in RAM and the 
RAM is probably good. It does not however guarantee 
that the calibration constants will make the 3468A meet 
its accuracy specifications. If the test fails, try to do a 
complete calibration, (see Section IV). 


1. If during calibration the error message 
“CAL RAM BAD” is displayed, replace the 
Calibration RAM (U509). 


2. If calibration cannot be enabled (i.e., no 
““C”’ appears in the eight character location of the 
display), first be sure the Calibration Enable 
switch is in the CAL ENABLE position (switch is 
down). If the switch is down, make sure the switch 
is good, then check for a defective U550, U509, 
and associated circuitry. 


3. If the 3468A can be calibrated, set the CAL 
ENABLE switch up. Then turn the instrument off 
and on. If the Self-Test still fails, turn the 3468A 
off and measure battery BT551 and the cathode of 
CR551. The battery should read approximately 3V 
de and the cathode of CR551 should be approx- 
imately +2.7V. If BTS550 is good but CRS551 is 
not, check C550, CR550, US09, and US550. If the 
battery voltage is low, something may be loading 
down the battery. Disconnect the plus side of the 
battery. If the battery voltage is still low, replace 
the battery. If it is good, check C550, U550, and 
CRS550. If they are all good, replace US09. 


b. Microprocessor RAM Error (2). This test per- 
forms a checksum on the internal RAM of the 
microprocessor (US501). If this test passes, the 
microprocessor is probably good. If this test fails, 
replace US01. If still inoperative, go to paragraph 
7-D-24, SAO, for troubleshooting. 


c. ROM Error (4). This test performs a checksum on 
the ROM (US502) so if the test passes, the ROM is pro- 
bably good. If the test fails, replace the ROM, U502. If 
this doesn’t work go to paragraph 7-D-24, SAO, for 
troubleshooting. 
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d. A/D Converter Error (8). This test performs a 
test on the slopes used in Run-up and Run-down. This 
test (along with another test that occurs every time an 
A/D conversion is made) assures you that the A/D is 
working properly. If this test fails, go to paragraph 
7-D-33, A/D troubleshooting. 


7-D-21. Turn-On Failures 


7-D-22. A turn-on failure is when, after power-on, the 
3468A has a blank display, partial display, or does not 
give any self-test information. 


7-D-23. First be sure the power supplies and clock are 
good. Since the display is the most likely cause of aturn- 
on failure, check the signatures of the lines going into 
the display. Do the following: 


a. Turn the 3468A off. 


b. Very carefully disconnect the display cable at the 


display. 


The display assembly, US40 is a CMOS 
device which is extremely susceptible to 
static electricity damage. Please use a 
grounded wrist strap when disconnecting the 
display cable, W501 


c. On $501, put all switches down (closed) except 
switch 7 and 8, which should be up (open). For 50Hz 
operation put switch 5 up also. 


d. Connect the control leads of the Signature 
Analyzer as indicated: 
Clock - JMS505 - Rising Edge 
Start - JM503 - Falling Edge 
Stop - JMS503 - Rising Edge 
e. Turn the 3468A on. 
f. Check that the +5¥V signature is FSFH and the 
ground signature is 0000 before proceeding. If not, 


recheck connections. If the signatures are still wrong go 
to paragraph 7-D-24, SAO, for troubleshooting. 


g. Read the signatures on the pins of the display 
cable, W501 (W501 may be shown as PS01 on the 
silkscreen of the Al board). 


Pin Signature 
WS501(4) 0000 
W501(8) FSFH 
W501(9) 1CC4 
WS501(10) 2367 
WS501(11) 2UA8 
WS501(12) FLI9 
w501(14) 9FU6 
W501(15) PSCO 
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h. If any signatures are wrong or unstable go to 
paragraph 7-D-24, SAO, for troubleshooting. 


i. If the signatures are good, check the following, 
voltages on W501 with a Digital Voltmeter. 


Pin # Voltage 


W501(1) 3.3V 
W501(2) 2.2V 
W501(3) L1V 


j. If the voltages are good, carefully reconnect the 
display cable and check for 6.6KHz on C501. If good, 
replace the display. If the display still fails, check the 
continuity of the display cable. 


Use grounded tools and wrist straps when 
handling the CMOS display. It is extremely 
susceptible to static electricity damage. 


k. If the voltages are on the display are wrong, does 
W501 (pin 3) have 1/3 the voltage of W501(pin 1)? If so, 
R561 is probably good. The failure is caused by either 
the power supply or U5S0. If the voltage of W501 (pin 3) 
is not 1/3 of WS01(pin 1), check R561 and USSO. 


7-D-24. Free Running SA (Processor Kernal Test) - SAO 


7-D-25. To establish that basic processor operation is 
correct, the processor must be isolated from the data 
bus and the rest of the digital devices, and then exam- 
ined by itself. Free Running SA (SAO) accomplishes 
this. For this test you will need a Signature Analyzer and 
two 5’? Pomona clips or their equivalent. Do the follow- 
ing: 


a. Turn the 3468A off. 


b. Put the switches of S501 in a configuration for 
normal operation. Refer to table 7-D-1. 


c. Use one 5’? Pomona clip to connect + 5V to R567 
(the side of R567 connected to U502, pin 20). Most in- 
struments will have ‘‘SA’’ silkscreened on the proper 
side of R567. 


d. Use another 5’’ Pomona clip to connect +5V to 
R502 (the side of R502 connected to US04, pin 2). Most 
instruments will have ‘‘SA’’ silkscreened on the proper 
side of R502. 


e. Using the Signature Analyzer, connect the control 
leads as indicated. 
Clock JM505 


US01(23) - Rising Edge 


- Falling Edge 
Start 


Stop US01(23) - Falling Edge 
7-D-3 
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f. Turn the 3468 on 


g. Check that the +5V signature is 8P54 and the 
ground signature is 0000. If the signatures are wrong 
recheck your connections first, then check the clock and 
power supply (see paragraph 7-D-8). If clock and supply 
are good, replace US501. 


h. If the signatures are good, check the signatures on 
the pins of U501 and U508, as shown in Table 7-D-2. 


Table 7-D-2. Free Running SA - SAO 




















0000 | 1 40 | 8P54 
8P54 | 2 39 | 0000 
0000 | 3 38 | 8P54 
8P54/) 4 37 | 8P54 
8P54/5 36 | 8P54 
8P54/6 U501 35 | 8P54 
8P54/7 34 | 8P54 
8P54/8 33 | 8P54 
8P54/9 32 | 8P54 
8P54 | 10 31 | 8P54 
8P54/ 11 30 | 8P54 
7A33| 12 29 | BP54 
29PP/ 13 28 | 8P54 
0863] 14 27 | 8P54 
HH53/ 15 26 | 8P54 
HIOF | 16 25 | 8P54 
SAQA] 17 24 | 0000 
0108] 18 23 | 8P54 
F61C} 19 22 | 4596 

20 21 | 2946 
0000 | 1 20 | 8P54 
7A33 | 2 19 | F61C 
7A33 | 3 18 | F61C 
29PP | 4 17 |0108 
29PP | 5 16 |0108 
0863/6 U508 15 |3A9A 
0863 |7 14 |3A9A 
HH53/ 8 13 | H10F 
HH53/9 12 | H10F 
0000 | 10 11 + | 8P54 

+5V: BP54 
Grnd: 0000 











i, If any signatures are wrong or unstable, check the 
+5¥V supply and the clocks first, then replace USO1 or 
US508. If replacing the IC doesn’t correct the failure, 
check for opens or shorts on the affected lines. Check 
also for two lines shorted together. 


j. If the microprocessor (US01) signatures and the 
latch (US08) are good, SAO is complete and the pro- 
cessor (barring intermittent operation) is good. Proceed 
to the next paragraph, 


7-D-26. General Signature Analysis - SA1 
7-D-27. If the microprocessor passes SAO test accord- 


ing to SAL. SAI is a general signature analysis which 
checks the ROM (U502), the registers (US05 and U508), 
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and il verifies that the proper signals are getting to the 
display and keyboard. SAI also verifies that the 
keyboard is operative and that the 
HP-IL is operating. For SAl you will need only a 
signature analyzer. Disconnect the two Pomona clips 
used in SAO. The sequence described as follows applies 
to all parts of SAI. 


a. Turn the 3468A off. 

b. Put all the switches down (closed) on $501, except 
switch 7 and 8. Put switch 7 and 8 up. For 50Hz opera- 
tion put switch 5 up also. 

c. Turn the 3468A on. 

d. All segments of the display should be lit, except 
the top dot of the colon. If not, check $501. If still in- 
operative, troubleshoot the display (paragraph 7-D-29). 
7-D-28. ROM Test. Test the ROM, US02 as follows: 


a. Connect the signature analyzer control leads as in- 

dicated. 
Clock R567* - Rising Edge 

Start JMS03 - Falling Edge 
Stop JMS03_ - Rising Edge 
*Connect the control leads to the side of 
R567 attached to U5S02 (pin 20). Most in- 
struments will have ‘‘SA”’ silkscreened on 
the proper side of R567. 


b. Check the signatures that are listed in table 7-D-3. 


Table 7-D-3. ROM Signatures 

















35FO| 1 24 | 3P2P 
7FAF | 2 U502 23 |C82P 
F5PU | 3 22 |2aC1 
1PFP | 4 21 |0000 
835P)5 20 |0000 
95U5 | 6 19 |7CAO 
76U4 | 7 18 [C550 
FC69 | 8 17 | 4P78 of 4702 
99F4 | 9 16 JUUAU 
OU6C] 10 15 |20HH 
6919] 11 14 |FUUA 

12 13 |2958 

+5V: 3P2P 

Gnd: 0000 











c. If any of the signatures are wrong or unstable, 
replace the ROM (US02). If replacing the ROM doesn’t 
correct the failure, the failure is most likely on the data 
bus. Check each line for a stuck 1 (3P2P) or 0 (0000), or 
two lines shorted together. 
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d. If the signatures are good, the ROM is probably Clock JM305 - Rising Edge 

good, continue with the next paragraph. Start JMS503 - Falling Edge 
Sto} JMS503 - Rising Ed; 

7-D-29. Display, Register (US0S,US07),and Keyboard P PIRES SEE 
Test. This part of SA1 tests the registers (US05,US07), b. Check the + 5V signature (FSFH), and the ground 
and it verifies that the display, DAC (R401-R406), and signature (0000). If the signatures are wrong, be sure 
keyboard are getting the proper information. To do this that your connections are correct and be sure that the in- 
test, the instrument must pass SAO and the ROM test strument has passed SAO and the ROM test. Then check 
first. for a stuck 1 or 0. 

a. Connect the Signature Analyzer leads as indicated. c. Check the signatures as shown in Table 7-D-4. 


Table 7-D-4. SA1 - General 


















































0000] 1 40 | FSFH 0000 FSFH 0000} 1 16|F5FH 
0000] 2 39 |RAMDOM 0000 0000 0000 2 15] 0000 
0000] 3 38 | FSFH 2367 0899 F83A| 3 14| 0899 
FSFH | 4 37 {0000 F119 us05 8233 96A2| 4 uUs07 13/8233 
F5FH | 5 36 | 2UA8 PSCO| 5 REGISTER 12] FC6O H74P| 5 REGISTER 12] FC6O 
F5FH | 6 35|1CC4 9FU6 77CA 4uic| 6 11| 776A 
FOFH | 7 340000 0000 0000 FSFH | 7 10] 0000 
FSFH | 8 33 | F5FH 0000 0000 oo00| 8 9} 0000 
F5FH | 9 32 |FSFH 
F5FH | 10 U501 31 {0000 
0000) 11» ~—- 30 | F5FH 
F5FH | 12 29|F5FH 
F5FH | 13 28 | FSFH 
FSFH | 14 27 |HH47 
F5FH | 15 26 | FSFH 
F5FH | 16 25 | F5FH 
FSFH | 17 24|77CA 
FSFH | 18 23 |FC6O 
F5FH | 19 22/8233 
0000 |_20 21 |0899 
2UA8] 1 14) FSFH FOFH| 1 FSFH HH47] 7 
icca| 2 13] FSFH F5FH | 2 F5CO FOFH | 2 
0000] 3 us01 12]77CA 0000} 3 SFU6 F5FH | 3 
0000 | 4 RESISTOR 11| FC6O 0000] 4 ws01 H23H F5FH | 4 
F5FH | 5 10| 8233 0000] 5 DISPLAY 12]F119 Fesa|5 8 
FSFH | 6 9| 0899 0000] 6 CABLE 2UA8 95A2| 6 
FSFH | 7 8| FSFH 0000 | 7 2367 H74P | 7 
F5FH | 8 10C4 auic| 8 
CONNECTOR TO KEYBOARD 
PF23 FOFH 7FAF] 1 22|FSFH 
tne 7FAF 0899 3POF| 2 21 |FP23 
eek Bax? 3POF 8233 P52H| 3 20 | FSFH 
BBA Liege P52H 0000 835P| 4 19| 9FU6 
Rabe. aie 835P FSFH C839) 5 Us09 18|F5FH 
Wasa any c839 FC6O 5A3C| 6 RAM 17/F5FH 
aD FAAS 5A3C 77CA 9UA5| 7 16 | FSFH 
aoe: OFUe 9UA5 F5FH 0000] 8 15 |F5FH 
FSFH F5FH FOFH | 9 14|F5FH 
FSFH FSFH FSFH| 10 13 | F5FH 
FOFH FSFH FSFH | 11 12| FSFH 
0000 FSFH 
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d. If any of the signatures of W501 are wrong or 
unstable, check the signatures of US05 (pins 
11,12,13,14). If these signatures of US0S are good, 
replace US0S5. If that doesn’t solve the problem, check 
the continuity of the cable. If the signatures of USOS are 
wrong, be sure that the instrument has passed SAO, 
otherwise check for stuck bus lines. 


e. If the signatures of W501 are good, the informa- 
tion going to the display is good. Now check the 
signatures of J501. 


f. If any of the signatures of J501 are wrong or 
unstable, check the signatures of US507 (pins 
11,12,13,14). If the signatures of U507 are good, replace 
USO7. If the signatures of U507 are wrong, be sure that 
the instrument has passed SAO, otherwise check for 
stuck bus lines. 


g. If the signatures of J501 are good, the information 
going to the keyboard is good. If you still suspect a 
keyboard failure, go to the Keyboard Test, paragraph 
7-D-30 for troubleshooting. 


h. If the signatures coming from the microprocessor 
(U501) are good, but the ROM has some wrong 
signatures, replace the ROM (US02). If the Rom passes 
SAI it is added confidence that the ROM is working 
correctly. 


i, If signatures are wrong on any of the other com 
ponents shown in Table 7-D-4, look for a stuck | or 0. 
The microprocessor (US01), Rom (U502), and registers 
(U508 and US509) are the only active components during 
this test. 


7-D-30, Inoperative Keyboard Test. An inoperative 
keyboard is when all or part of 3468A operations cannot 
be selected from the Keyboard. This can be caused by 
the keyboard itself or the microprocessor. Be sure to go 
through SAO and the previous SAI test that checked the 
information going to the keyboard. Do the following: 


a. Be sure S501 is set up as in paragraph 7-D-27 
step b. 


b. Connect the control leads of the signature analyzer 
as follows: 
Clock JMS505 - Rising Edge 
Start JM503 - Falling Edge 
Stop JMS503 - Rising Edge 
cv. By pressing a certain front panel button, the 
signature on a port of USO1 should change. For exam- 
ple, the signature on U501 pin 27 should change from 
“*HH47”" to ‘‘8H28’’, if the =v button is pressed. 


From this change, it can be determined if the button 
(i.e., part of the keyboard) is inoperative or good. The 
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following lists the pin numbers of US01, the button to 
be pressed, and the change in signature. 


US501 
pin# 


Press 
Button 




















Change Signature 
From To 


21 ~v 8H28 
27. | AUTO/MAN FUFA 
27 =A HOCO 
27 SGL/TRIG 4UIC 
28 ~V 95A2 
28 UP RANGE H74P 
28 ~A F83A 
28 SRQ 4U1C 
29 2 WIRE 95A2 
29 | DOWN RANGE H74P 
29 SHIFT F83A 
29 LOCAL 4UIC 
30 4 WIRE 95A2 
30 INT/TRIG H747 


7-D-31. HP-IL Failure. Before troubleshooting for an 
inoperative HP-IL, make sure the 3468A is operating 
correctly from the front panel. Repair the front panel 
operation first, before troubleshooting for an HP-IL 
failure. 


7-D-32. To troubleshoot the HP-IL, you will need a 
Signature Analyzer and an HP-IL Cable. Then do the 
following: 





a. Make sure S501 is set up as given in paragraph 
7-D-27 step b. 


b. Connect the control leads of the signature analyzer 
as follows: 


Clock JMS505 - Rising Edge 
Start JMS501 - Falling Edge 
Stop JMS501 - Rising Edge 


c. Connect the HP-IL Cable from the 3468A’s 
HP-IL Input Jack to the 3468A’s HP-IL Output Jack. 


d. Check the +5¥V signature (U085). 


e. If the signature is good, HP-IL is operating cor- 
rectly. Make sure the instrument front panel operation 
is good. If the signature is wrong, make sure the HP-IL 
Cable is making good contact. If it is, check the con- 
tinuity of the HP-IL Input Connector and Output Con- 
nector (on the 3468A’s rear panel). To check continuity, 
connect an ohmmeter from one outer pin to the other 
outer pin of the Output Connector. Do the same for the 
Input Connector. This checks part of the HP-IL Con- 
nectors, and T501 and T502. If there is no continuity, 
check for poor solder joints on the connectors, and if 
the joints are good, replace T501 or T502. If there is 
continuity, replace US03. 
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7-D-33. TROUBLESHOOTING THE A/D CONVERTER 


7-D-34, Either of two front panel error messages would 
indicate an A/D (Analog to Digital) converter failure. 
The first of the two messages is ERROR 8, which means 
that the failure was discovered during the 3468A Self- 
Test. The second message is A-D ERROR, which in- 
dicates the failure was discovered while the 3468A was 
attempting to take a reading. The following paragraphs 
will assist you in localizing faults in the A/D converter 
circuitry. 


7-D-35. Check the Reference Voltages 


7-D-36. As explained in the theory of operation (Ser- 
vice Group F), the +10V reference and the -10V 
reference supplies are essential for proper A/D conver- 
sion, The + 10V reference should be checked at pin 6 of 
U402, and pins 20 and 24 of U403. The -10 volt 
reference should be checked at pin 6 of U405, pin 6 of 
U404, and pins 13, 15, 18, and 23 of U403. The 
reference supplies should be within +3% of 10 volts 
and within .02% of each other. 


a. If the -10V reference is good but the +10V 
reference is incorrect, lift JM201. If the + 10V reference 
is now good, the problem lies in the Ohms Converter. If 
the + 10V is still incorrect, either U402 or U403 is defec- 
tive. 


b. If the -10V reference is incorrect, measure the 
voltage at the anode of CR401. If the voltage is not ap- 
proximately -6.9 volts, either CR401 or R439 is defec- 
tive. 


c. If the voltage at the anode of CR401 is correct, use 
a clip lead to short across C431. Measure the voltage at 
pin 6 of U405. It should be approximately the same as 
the voltage on the anode of CR401. If it is not, replace 
U405, otherwise replace U403. Remove the clip lead. 


d. If the -10V reference is correct at pin 6 of U405 but 
not at pin 6 of U404, replace U404. 


7-D-37. If the reference voltages are correct, it will be 
necessary to troubleshoot the A/D converter circuitry. 
This is comprised of an integrator, U401; A/D con- 
verter, U403; and DAC (Digital to Analog Converter) 
resistors R401 to R405. Two procedures are described 
for troubleshooting this circuitry. The first, beginning 
with paragraph 7-D-38, checks only integrator U401. If 
it checks good, U403 is most likely defective. The se- 
cond method, beginning with paragraph 7-D-40, tests 
the integrator; U403 DC input, comparator, and 
run-up/run-down; as well as the DAC resistors 
(R401-R405). 


7-D-38. Integrator Test 


7-D-39. The following procedures provide a simple 
method of troubleshooting U401, the integrator. 
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a. Connect one 10K ohm resistor across (in parallel 
with) C410. 


b. Disconnect JM40S. Connect a 10K ohm resistor 
from pin 2 of U401 to the + 10V reference. 


c. Measure the voltage at pin 6 of U401. It should be 
approximately -10V. 


d. Now connect the second 10K ohm resistor to the 
-10V reference. The voltage at pin 6 of U401 should be 
+10V. 


e. If either measurement (step c or d) is incorrect, 
replace U401. 


f. Remove both 10K ohm resistors and replace 
JM405. 


7-D-40. A/D Converter Circuitry Test - SA2 


7-D-41, The following procedures may be used to 
troubleshoot the complete A/D converter circuitry. 
Although a storage oscilloscope, such as the -hp- Model 
1741A would be beneficial, it is not necessary. 


a. Remove JM 101. Connect pin 6 of U401 to pin 25 
or 26 of U403. 


b. Set switch 7 (rear panel bank of switches) to the 
down position. 


c. Set up the oscilloscope as follows: 


Channel A. Connect to pin 6 of U401. 
Vert V/DIV.: 1V/DIV. 

Channel B. Connect to pin 11 of U403. 
Vert V/DIV.: .SV/DIV 

Horizontal. 50mS/DIV. 

Use 10:1 oscilloscope probes 


d. Adjust triggering (trigger on channel A) tor the 
display shown in Figure 7-D-2. The top display indicates 
the output of the integrator. The bottom display is the 
output of the comparator. If the top display is correct 
but the bottom is not, replace U403. 


GND CHAN A 


GND CHAN B 





Figure 7-D-2. A/D Converter Test With Comparator 
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e. Adjust Channel A Vert. V/DIV to 5V/DIV. Turn 
off Channel B. This should provide the waveform 
shown in Figure 7-D-3. Any discrepancy in the left por- 
tion of the display indicates a failure in the DAC. Check 
resistors R401 through R405. Discrepancies in the right 
portion of the display indicates a failure in the 
run-up/run-down portion of the A/D Converter. 
Replace U403. 


7-D-42. It is possible for the microprocessor, U501, to 
cause an A/D failure. This would be caused by a failure 
of the controller to communicate with the A/D Con- 
verter U403. 
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AID 
CONVERTER 











Figure 7-D-3. AID Converter Test 





SERVICE GROUP E 
MISCELLANEOUS TROUBLESHOOTING 


Service Group E Contents 


Title 
Introduction 


Power Supply Troubleshooting........- 
Reference Circuitry Troubleshooting. . 
Battery Charger Circuitry Troubleshooting 
Battery Charger Troubleshooting... . 
DC to DC Converter Troubleshooting. . 


7-E-1. INTRODUCTION 


7-E-2. This Service Group has information on how to 
troubleshoot the 3468A’s Power Supplies, Reference 
Circuitry, and the optional Battery Charger Circuitry. 


7-£-3. POWER SUPPLY TROUBLESHOOTING 


7-E-4. The 3468A has three power supplies: +5V, 
-15V, and + 15V. The following paragraphs have some 
troubleshooting information for the Chassis Common 
and Floating Common supplies (refer to Schematic 4). 


7-E-5. +5V Supply. A low supply can be caused by an 
excess load on the supply, a shorted CR712 or C705, or 
a defective U701. The supply can be checked by lifting 
jumper +5. If the supply is still low, troubleshoot the 
supply. 


7-E-6. A high supply is most likely caused by a defec- 
tive U701. 


7-E-7. + 15¥ and -15V Supplies. Since the -15V supply 
is a mirror image of the + 15V supply, use the following 
procedure for both supplies. (The only difference is that 
the -15V supply has an additional filter capacitor C706.) 


7-E-8. A low supply can be caused by an excessive load 
on the supply, a shorted filter capacitor or protection 
diode, an open temperature sensitive resistor (RT705), 
or a defective regulator. The supply can be checked by 
lifting jumper +15 for the + 15V supply or jumper -15 
for the -15V supply. If still low, troubleshoot the sup- 
ply. 


7-E-9. A high supply is most likely caused by the 
regulators (U702 or U703). 


7-E-10. REFERENCE CIRCUITRY TROUBLESHOOTING 
7-E-11. The 3468A’s Reference Circuitry is used to 


develop three reference voltages: +10V, -10V, and a 
buffered +10V. Since the -10V and buffered +10V 


Paragraph 
-+. 7-E-1 
.7-E-3 









depends on the + 10V reference voltage, make sure the 
+10V is good before troubleshooting the other 
reference supplies. Perform the following checks (refer 
to Schematic 3). 


a. If the +10V reference is inoperative, do the 
following: 


1. Measure the voltage at zener diode CR401. 
The voltage should be quiet and at approximately 
+6.9V. 


2. If the voltage is wrong, make sure R439 is 
good. If the resistor is good, replace CR401. 


3. If the voltage is good, short across capacitor 
C431. Measure pin 6 of U405. 


4. If the voltage at pin 6 is approximately + 7V 
and quiet, replace U403. 


5. If the voltage is still incorrect or noisy, 
replace U405. 


b. If the +10V is good and the -10V is incorrect or 


noisy, replace U404. If still incorrect or noisy, replace 
U403. 


c. If both + 10V and -10V voltages are good and the 
buffered ~+10V is low, lift jumper JM201 (see 
Schematic 1). If the + 10V is now good, replace U102. 
If still wrong, continue with the next step. 

d. If the buffered +10V is wrong or noisy, do the 
following: 

1. Check for a quiet -10V at pin 2 of U402. 

2. If the voltage is wrong, replace U403. 


3. If the voltage is good, connect pin 19 to pin 
24 of U403. 
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4. If the voltage at pin 6 of U402 is now al 
+ 10V, replace U403. If not, replace U402. 


7-E-12. BATTERY CHARGER CIRCUITRY 
TROUBLESHOOTING 


7-E-13. The purpose of the Battery Charger Circuitry is 
to allow the 3468A to operate on an internal battery 
(BT901). The circuitry is used to charge the battery 
when the 3468A is connected to the ac power source and 
to generate the raw (unregulated) voltages for the 
3468A’s internal power supply. If the 3468A does not 
operate with its ac power source disconnected, check the 
following (refer to Schematic 5): 


a. With the 3468A unplugged from its ac power 
source, turn the 3468A on. 


b, Connect the high input of a DC Voltmeter to the 
positive terminal of battery BT901 and connect the low 
input of the voltmeter to the negative terminal of the 
battery. Measure for +6V de. 


c. If the voltage is at or above +6V, check for an 
open fuse F901 or the printed circuit board fuse (see 
note on Schematic 5). The printed circuit board fuse is a 
thin trace near J901 (J901 is a red wire going to the 
positive terminal of the battery). If the fuse is open, it 
can be replaced by a 28 gauge single strand wire. Insert 
and solder the wire into the holes on each end of the 
trace. 


d. If the fuses are good and the battery is above +6V 
de, troubleshoot the DC to DC Converter and 
associated control circuitry. Go to paragraph 7-E-16 for 
troubleshooting. 


e. If the voltage is below 6V dc, the Battery Charger 
Circuitry may not be charging the battery or the battery 
itself is defective. Go to paragraph 7-E-14 for 
troubleshooting. 


7-E-14, Battery Charger Troubleshooting 


7-E-15. The battery is charged with a current of ap- 
proximately 400mA, when the 3468A is connected to its 
ac power source and turned off. Do the following to 
check the circuitry. 


a. Turn the 3468A off and unplug the instrument 
from its ac power source. 


b. Check and make sure the Battery Charger Cir- 
cuitry develops the correct current for the battery. Two 
methods can be used to check the current. One method 
uses an ammeter (like the 3468A or 3478A) to check the 
current and is given in step c. The other method uses a 
DC Digital Voltmeter (like the 3456A) and a 10 ohm 5 
watt resistor. This method is in step d. 


7-E-2 


3478A 


c. To check the charge current using an ammeter, do 
the following: 


1. Disconnect the red battery lead from the bat- 
tery and connect it to the A (Amps) input of the 
ammeter. 


2. Connect the LO input of the ammeter to the 
black battery lead (ground). 


3. Make sure the 3468A is turned off, then plug 
the instrument into its ac power source. 


4, The current should be approximately 400mA 
de. 


5. Lf the current is wrong, the battery charger is 
defective. Go to step e for further 
troubleshooting. 


6. If the current is good, turn the 3468A on. 
The current should change to approximately 
140mA de. If the current does not change, replace 
U902. If it does change, the battery is most likely 
defective. Replace the battery. 


d. To check the charge current using a Digital 
Voltmeter and a 10 ohm resistor, do the following: 


1. Disconnect the red battery lead from the bat- 
tery and connect it to one side of the 10 ohm 
resistor. 


2. Connect the other side of the resistor to the 
black battery lead (ground). 


3. Make sure the 3468A is turned off, then plug 
the instrument into its ac power source. 


4. Using the Digital Voltmeter, measure the 
voltage across the 10 ohm resistor. It should be ap- 
proximately 4V dc. 


5. If the voltage is wrong, the battery charger is 
defective. Go to step e for further 
troubleshooting. 


6. If the voltage is good, turn the 3468A on. 
The voltage should approximately 1.5V dc. If the 
voltage does not change, replace U902. If it does 
change, the battery is most likely defective. 
Replace the battery. 


e. Measure for + 2.5V at pin 2 of U901 (use the black 
battery lead as ground). 


f. If the voltage at pin 2 of U901 is good, check for 
an open R908, R910, and R740 (see Schematic 4). If the 
resistors are good, check for an open CR906, and an 
open or shorted Q901 or Q906. If Q901, Q902, and 
CR906 are good, replace U902. 
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g. Lf the voltage at pin 2 is low or missing, make sure 
pin 1 of U901 is at least + 10V. If the voltage is missing, 
check for an open CR901, CR902, or CR904. 


h. If the voltage at pin 1 of U901 is good, replace 
U901. If the voltage at pin 2 of U901 is still wrong (other 
than +2.5V), replace U902, 


7-E-16. DC to DC Converter Troubleshooting 


7-E-17. The DC to DC Converter develops the raw 
(unregulated) voltages for the 3468A’s power supplies, 
when the instrument is unplugged. The circuitry consists 
of two major areas, the sense circuit and the converter 
itself. The part of the sense circuit is used to turn the DC 
to DC Converter on, when the 3468A is unplugged from 
its ac power source. The other part of the sense circuit is 
used to turn the converter off, if the battery voltage is 
too low. 


7-E-18. Before troubleshooting the DC to DC Con- 
verter, make sure bridge rectifiers CR906 through 
CR909, and CR912 through CR914 are good. Also 
make sure C907 through C909 are not shorted. If they 
are good, do the following: 


a. Turn the 3468A off and unplug the instrument 
from its power source. 


b. Unsolder and lift the end of jumper JM901 which 
is connected to U903 pin 4 (toward the rear of the 
3468A). 


c, Turn the 3468A on. 


d. Connect the lifted end of jumper JM901 to the 
positive terminal of the battery. 


e. If the 3468A operates with JM901 connected to the 
battery, the sense circuitry is inoperative. With JM901 
connected to the battery, do the following: 


1, Make sure pin 2 of U903 is low. If the pin is 
high, check for a shorted C904. If C904 is good, 
replace U902. (A low is at approximately zero 
volts and a high is the battery voltage, approx- 
imately +6V.) 


2. If pin 2 of U903 is low, check for a high level 
at pin 1 of U903. 


3. If the level at pin 1 of U903 is high, replace 
U903. 


4, If the level at pin 1 of U903 is low, make sure 
pin 4 of U902 is at approximately 2.5V. If the 
voltage is good, make sure pin 5 is larger than the 
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voltage at pin 4 (above +2.5V). If it is above 
+2.5V, replace U902. If not, make sure R911, 
R912, and the battery are good. 


f. If the 3468A is still inoperative, the DC to DC 
Converter itself is defective. With JM901 connected to 
the battery, do the following: 


1, Using an oscilloscope, make sure the signal 
at jumper JM902 of U905 is a 28KHz square 
wave, as shown in Figure 7-E-1. 


Pos. Trig. 
Figure 7-E-1. Output of U905 


2. If the square wave is missing or wrong, make 
sure R913, R916, C911, and CR911 are good. If 
they are good, replace U905. 


3. If the signal at JM902 is good, check for the 
signal shown in Figure 7-E-1 at U904 pin 11. 


4. If the signal at pin 11 of U904 is missing or 
wrong, replace U904. 


5. If the signal at pin 11 of U904 is good, check 
for the signal shown in Figure 7-D-2 at the collec- 
tor of Q904 (pin 2 of transformer T901). 


6. If the signal is wrong, make sure Q903, 
904, and Q905 are good. If they are good, check 
for a defective transformer T901. 


Pos. Trig. 


Figure 7-E-2. Output of 0904 
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7-F-1, INTRODUCTION 


7-F-2. The following Service Group has the general and 
detailed description of the operating circuitry of the -hp- 
Model 3468A Multimeter. The general description ex- 
plains the purpose of each operating block of the 3468A 
Simplified Block Diagram (shown in Figure 7-F-1). The 
detailed description explains the circuitry in each 
operating block. 





Paragraph 
7-F-1 









7-F-3. GENERAL BLOCK DIAGRAM THEORY OF 
OPERATION 


7-F-4, Refer to Figure 7-F-1 for the following discus- 
sion of the 3468A’s General Block Diagram Theory Of 
Operation. 


7-F-5. The 3468A can be separated into two major 
areas, Measurement Circuitry and Control Circuitry. 
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Figure 7-F-1. 3468A Simplified Block Diagram 
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The Measurement Circuitry consists of the Input Cir- 
cuitry, A/D Converter, Ohms Current Source, and AC 
to DC Converter. The Control Circuitry is used to 
calculate and display readings, sets up the measurement 
circuitry (Input Circuitry, etc.) for a particular function 
and range, and sends and receives remote information. 
It consists of the Main Controller (main CPU) and 
associated circuitry. 


7-F-6. The following paragraphs explain a typical 
measurement sequence, 


a. Set-up. The 3468A receives range and function in- 
formation from the front panel (local) or over the 
HP-IL (remote). The information is received by the 
Main Controller which then sets up the Measurement 
Circuitry to do the desired measurement. The Main 
Controller also sends information to the display to show 
the selected function and range. 


b. DC Volts Function. The following occurs if the 
DC Volts Function is selected. 


1. The Input Circuitry is set up to a certain gain 
configuration by the Main Controller. The gain 
depends on the range selected. 


2. The input voltage is amplified or attenuated 
(dependent on the range) to 10V (for full scale in- 
puts) which is then applied to the A/D Converter. 


3. The A/D Converter changes the voltage to 
digital information and transfers it to the Main 
Controller. 


4. The Main Controller takes the information 
and calculates the correct reading. The correct 
reading is calculated by using the zero measure- 
ment (see step f) and the calibration constant(s) 
(which are stored in the Calibration RAM). 


5. The corrected reading is then sent to the 
front panel to be displayed and sent over the 
HP-IL (if the 3468A is in remote and addressed to 
talk). 


c. Ohms Function. If the Ohms Function is selected, 
the Ohms Current Source supplies a de current to the 
unknown resistance. A voltage drop proportional to the 
unknown resistance and the current is applied to the In- 
put Terminals. A regular dc measurement is then made 
(see step b) and the ohms reading is calculated by the 
Main Controller circuitry using the zero measurement 
(see step f) and calibration constant(s). 


d. AC Volts Function. If the AC Volts Function is 
selected, the input is connected to the AC to DC Con- 
verter. The converter changes the voltage to its 
equivalent (RMS) dc voltage and applies it to the A/D 
Converter. The A/D Converter changes the voltage to 
digital information and sends it to the Main Controller. 
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‘The controller then calculates the correct reading using 
the zero measurement calibration constant(s). 


e. AC Current or DC Current Function. If the AC 
Current or DC Current Functions are selected, the input 
current is applied to resistor A1R107 (.1 ohm). The 
resultant voltage drop across the resistor is then 
measured. An ac or de volts measurement is made, 
dependent on the function selected (AC Current or DC 
Current, respectively). 


f. Autozero Function. If the 3468A’s Autozero 
Function is enabled, an offset measurement (known as a 
zero measurement) is made before an input measure- 
ment. The zero measurement is made by connecting the 
input of the Input Amplifier (HI INPUT Terminal is 
open) to ground (LO INPUT Terminal). The resultant 
offset of the amplifier is then measured and stored into 
memory. This reading is then subtracted from the DC 
Volts, DC Current, and Ohms readings that follow. If 
the AC Volts or AC Current Functions are selected, the 
zero reading is taken differently. The input to the A/D 
Converter is shorted to ground instead of the DC/Ohms 
Input Amplifier. 


7-F-7, THEORY OF OPERATION 
7-F-8. General 


7-F-9. The following paragraphs give a detailed 
description of the operating circuitry in the 3468A. The 
circuitry is explained in the following order: 


a. Input Circuitry - paragraph 7-F-10. 
b. Ohms Current Source - paragraph 7-F-17. 
c. AC to DC Converter - paragraph 7-F-25. 
d. A/D Converter - paragraph 7-F-30. 
e. Logic Circuitry - paragraph 7-F-50. 
f. Power Supplies - paragraph 7-F-67. 
g. Battery Charger - paragraph 7-F-72. 
7-F-10. Input Circuitry 
7-F-11. General. The purpose of the Input Circuitry is 
to condition the dc input signals to the 3468A to provide 
full scale 10V dc input voltages to the A/D Converter, 
for full scale inputs to the 3468A (the explanation for ac 
inputs is in paragraph 7-F-25, AC to DC Converter). 
The Input Circuitry also acts as a buffer between the in- 
put and the A/D Converter. The circuitry can be 
separated (and is explained) as follows: 


Overvoltage Protection 
Input Switching 

Autozero and Pre-Charge 
Pre-Charge Stage 
DC/Ohms Input Amplifier 


7-F-12. Overvoltage Protection. This circuitry has 
three parts: High Voltage Protection, Low Voltage Pro- 
tection, and Current Protection. The two circuits 
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operate as follows (refer to Schematic 1 for the explana- 
tion): 


a. High Voltage Protection. This circuit consists of a 
630¥V Surge Voltage Protector (E101) in series with two 
51K ohm resistors. The circuitry is connected between 
the HI and LO INPUT Terminals and conducts with a 
peak voltage level of 630V (+20%), which provides a 
low impedance path across the terminals. Capacitor 
C104 provides a temporary low impedance path, and 
R108 and R109 provides current limiting, if E101 con- 
tinuously conducts. 


b. Low Voltage Protection. This circuit consists of 
diodes connected to the individual input nodes (part of 
the HI Input, LO Input, A Input Paths, etc.). The 
diodes on each node are connected (internally in U102) 
to +3.5V and -3.5V power supplies. If the voltage on a 
node exceeds either +4.2V or -4.2V, a diode conducts 
and keeps the level on the node to the + 4.2V levels. The 
difference between the high voltage at the input ter- 
minals and the voltage at the input nodes is dropped 
across the resistors which are in series with the diodes 
and input terminals (the low pass filter). Figure 7-F-2A 
shows a typical protection circuit. 


c. Current Protection. A fuse in series with the cur- 
rent shunt (R107) protects the shunt from excessive in- 
put currents (>3A) and voltage sources. Open circuit 
voltage of current sources should not exceed: the 250V 
rating of the fuse. 


7-F-13. Input Switching. The Input Switching Cir- 
cuitry consists mostly of Relay and MOSFET switches, 
with most FET switches located in U102. The purpose 
of the switches is to provide five signal paths to the In- 
put Amplifier and to connect the amplifier for a zero 
measurement (done in the Autozero Function; see 
paragraph 7-F-14). The switches are controlled by cir- 
cuits in U102 which receive their control information 
from the A/D Controller. The following explains the 
various input paths. Refer to Figure 7-F-2 and 
Schematic 1 for the explanation. 


a. Low Voltage Range Input Path (Figure 
7-F-2B). The path consists of K101, R103, R104, R110, 
and S1DC (S1DC is in U102). The purpose of the path is 
to connect the HI INPUT Terminal (high input voltage) 
to the DC/Ohms Input Amplifier. The path is used only 
in the .3V through 3V de volts Ranges and all Ohms 
Ranges. 


b. High Voltage Range Input Path (Figure 
7-F-2C). The path consists of R110, K102, S2DC (in 
102), and a 100:1 divider (9.9M ohm and 100K ohm 
resistors, RD99 and RD98, in U102). The purpose of the 
path is to attenuate input voltages by a factor of 100 and 
to connect the attenuated voltage to the DC/Ohms In- 
put Amplifier. The path is used only in the 30V and 
300V dec volts Ranges. 


Service 


c. Ohms High Sense Path (Figure 7-F-2D). This path 
consists of R105, R106, and S4ADC and S4BDC 
(S4ADC and S4BDC are in U102). The path connects 
the HI OHMS SENSE Terminal (high ohms input) to 
the DC/Ohms Input Amplifier, only when the 3468A is 
in the 4-Wire Ohms Function. Switch S4CDC (which is 
also part of the path) is used to connect the junction of 
S4ADC and S4BDC to ground. Switch S4CDC is closed 
in all functions except the 4-Wire Ohms Function and 
shunts any possible voltage on the S4ADC and S4BDC 
junction to ground. 


d. Ohms Low Sense Path (Figure 7-F-2E). This path 
consists of R101, R102, SADC, and S6CDC (S6ADC 
and S6CDC are in U102). The path is used to connect 
the LO OHMS SENSE Input Terminal (low ohms in- 
put) to ground (LO INPUT Terminal), when the 3468A 
is in the 4-Wire Ohms Function. In the 2-Wire Ohms 
Function, the low ohms input is the LO INPUT Ter- 
minal (which is connected to ground). 


e. Current Input Path (Figure 7-F-2F). This path in- 
cludes R107 and S3DC (in U102). The voltage drop 
across R107 (which is generated by the current being 
measured) is connected through S3DC to the DC/Ohms 
Input Amplifer. This path is used only in the DC Cur- 
rent Function. 


7-F-14, Autozero. The Autozero Function of the 
3468A is used to measure the offset of the DC/Ohms In- 
put Amplifier and subtract it from the input measure- 
ment. As long as the Autozero Function is enabled, an 
offset measurement is taken between each input 
measurement. The offset measurement is called 
“measure zero”? and is done in two different ways, 
dependent on the function selected. The following ex- 
plains the two ways to make the measurement and the 
circuitry used. 


a. Autozero (in DC Volts, DC Current, and 2-Wire 
Ohms Functions). In the DCV, DCI, and 2-Wire Ohms 
Functions, the offset measurement (measure zero) is 
made with switch MC (measure customer) open, and 
switch MZ (measure zero) and S8DC closed (see Figure 
7-F-2G). Switch S8DC and MZ connects the DC/Ohms 
Input Amplifier to ground through a 102K ohm resistor. 
After the offset measurement is made, switch S8DC and 
MZ opens, and switch MC closes for the input measure- 
ment. (Note: MOSFET switches MC, MZ, and S8DC 
are in U102.) 


b. Autozero (in the 4-Wire Ohms Function). In the 
4-Wire Ohms Function, the offset measurement is made 
with switch MC (and S8DC) open and switch MZ, 
S6ADC, and S6BDC closed. The DC/Ohms Input 
Amplifier is connected to ground through the Ohms 
Low Sense Path (includes an externally connected lead; 
see Figure 7-F-2H) to the LO INPUT Terminal. This 
measurement is different than in the DC Volts, DC Cur- 
rent, and 2-Wire Ohms Functions, since the Input 
Amplifier is connected to ground through the externally 
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Figure 7-F-2. Simplified Schematic Of The Input Switching Circuitry 
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connected low ohms sense and lo input leads. After the 
offset measurement is made, switch MC and S6CDC 
closes and switch MZ, S6ADC, and S6BDC opens. 
Switch S6CDC is used to to connect the junction of 
switch S6ADC and S6BDC to ground, shunting any 
possible voltage on the junction to ground. (Note: 
MOSFET switches S6ADC, S6BDC, and S6CDC are in 
U102.) 


7-F-15. Pre-Charge Stage (Figure 7-F-21). A small 
stray capacitance exists in U102 between the input of the 
DC/Ohms Input Amplifier and ground. During a zero 
measurement (measure zero in the Autozero Function), 
this capacitor is at zero volts. After the offset measure- 
ment, the input to the 3468A is applied to the Input 
Amplifier and the capacitor is charged to the input 
voltage. This charging may temporarily load down the 
input voltage and a wrong reading is taken. To prevent 
this, the input of the Input Amplifier is pre-charged to 
the input voltage before the input measurement is made. 
This is done by the Pre-Charge Amp and MOSFET 
Switch PRE (both in U102). The operation is as follows: 


a. After the zero measurement is made, switch PRE 
closes (switch MC is still open). 


b. The input voltage is connected to the Pre-Charge 
Amp using the input paths. 


c. Since the Pre-Charge Amp is a X1 gain amplifier, 
a voltage with the same polarity and value as the input 
voltage is applied through PRE to the DC/Ohms Input 
Amplifier. This pre-charges the stray capacitor to the in- 
put voltage. 


d. Switch PRE then opens and MC closes. An input 
measurement is then made. 


e. The same occurs before the next input measure- 
ment. 


7-F-16. DC/Ohms Input Amplifier. The purpose of 
the DC/Ohms Input amplifier, in conjunction with the 
Input Switching Circuitry, is to condition the 3468A’s 
input signals. The conditioning is done to apply the 
same full scale 10V dc voltage to the A/D Converter for 
all DC Volts, DC Current, and Ohms full scale inputs. 
This is done by configuring the amplifier to a gain of 
X3.33 or X33.3. The gains used in the 3468A’s different 
ranges (in the DC Volts, DC Current, and Ohms Func- 
tions) are shown in Figure 7-F-3. 


7-F-17. Ohms Current Source 


7-F-18. General. The purpose of the Ohms Current 
Source is to provide a stable current for resistance 
measurements. The current is applied to the unknown 
resistance and the resultant voltage drop across the 
resistance is measured. Since this voltage drop is directly 
proportional to the unknown resistance, the resistance 
value is determined by the 3468A’s Main Controller 
from the voltage reading. 
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Figure 7-F-3. Simplified Schematic Of The DC/Ohms 
Input Amplifier 


7-F-19. The Ohms Current Source consists of the 
following circuitry: Voltage Splitter (Voltage 
Reference), Buffer, Range Resistors, Output FET, Con- 
trol Amp (Gate Bias Amplifier), Output MOSFET, and 
Overvoltage Protection. In addition to these, a number 
of MOSFETS are used as switches (to select various gain 
determining resistors), All the previously mentioned 
FETs are inside U102 which also controls the FET swit- 
ches. The following paragraphs explain how the ohms 
current is generated and how the ohms circuitry 
operates. Refer to Schematic 1 and Figure 7-F-4 for the 
explanation. 


7-F-20. Current Generation. The explanation on how 
current is generated is as follows: 


a. The Voltage Splitter’s (U201) output is + 12V (or 
8.4V for the 30M ohm Range only) which is applied to 
the positive terminal of Buffer U202. The reference out- 
put, which is applied to the positive terminal of the Out- 
put FET Control Amp U203, is divided down to +8V, 
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Figure 7-F-4. Ohms Circuitry Configuration 


irrespective of range, by feedback resistors RR3 and 
RR4 in conjunction with R201. 


b. The output of the Buffer is + 12V (or +8.4V for 
the 30M ohm Range only) which is applied to one side 
of either Range Resistor RRS, RR6, RR7, or RR8 
(dependent on the selected range). The other side of the 
Range Resistors is applied to the Output FET Control 
Amp. 


c. Since the Output FET Control Amp is a high gain 


operational amplifier with its non-inverting terminal at 
+8V, its inverting terminal must also be + 8V (the in- 
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verting terminal draws little or no current). This makes 
the resultant voltage drop across the Range Resistors 
+4V (or +.4V for the 30M ohm Range). 


d. A current is then generated with its value propor- 
tional to the value of the Range Resistor and the voltage 
drop across the resistor. 


e. The current is applied to the unknown resistor 
through the Output MOSFET (in U102), High Voltage 
Protection Cicuitry, and the HI INPUT Terminal. The 
3468A’s Ohms Ranges, Ohms Currents, Range 
Resistors, and selected MOSFET Switches are listed in 
Table 7-F-1. 


Table 7-F-1. Ohms Current and Ranges 























Ohms | Ohms Range —|Resistor| FET Switches 
Range Current Resistor Voltage Enabled 
300-3K | 1mA | 4K (RR5)| 4V_ |SOR,S2R,S3R, 
S6R,S7R,S14R 
30K | .1ma | 40k (RR6)| 4V_ |SOR,S2R,S3R, 
S8R,S9R,S14R 
300K |.01mA | 400K (RR7)| 4V_ |SOR,S2R,S4R, 
S10R,S11R 
3M 1uA 4M (RR8)| 4V SOR,S2R,S12R, 
$13R 
30M | .1uA | 4M(RR8)| .4V |S1R,S5R,S12R, 
S13R 





7-F-21. Voltage Splitter (U201). The following ex- 
plains the Voltage Splitter (Reference) Circuitry. 


a. The Voltage Splitter is a X1.5 gain non-inverting 
amplifier with an output of +12V (for the 300 ohm to 
3M ohm Ranges) or +8.4V (for the 30M ohm Range). 


b. The gain is determined by feedback resistors RR3, 
RR4 (both in U102), and R201. Since the total value of 
RR3 plus RR4 is 20K ohm and R201 is 40K ohm, the 
non-inverting gain is X1.5. (The gain is: 
(20K /40K] + 1 = 1.5). 


c. The +12V output is generated by applying +8V 
to the amplifier input (8*1.5=12). The +8V is deter- 
mined by the +10V Reference (from the 3468A’s 
Reference Circuitry, see paragraph 7-F-49d) and voltage 
divider RRO, RR1, and RR2. The sum of RR1 and RR2 
is 200K ohm and RRO is 50K ohm resulting in a voltage 
drop across the resistors +8V and +2V, respectively. 
The +8V is applied through FET Switch SOR to U201. 


d. The +8.4V output is generated by applying 
+5.6V to the amplifier input (5.6*1.5=8.4). The 
+ 5.6V is also determined by the + 10V Reference (from 
the 3468A’s Reference Circuitry) and voltage divider 
RRO, RR1, and RR2. In this case the voltage drop 
across RR2 (which is +5.6V developed across 140K 
ohm) is applied through FET Switch S1R to U201. 


7-F-22. Buffer (U202) and Range Resistors (RRS to 
RR8). The Buffer is a non-inverting X1 gain amplifier 
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with its output at either +12V or +8.4V (on the 30M 
ohm Range only). The gain is selected by either 
MOSFET Switch pairs S6R and S7R, S8R and S9R, 
SIOR and S11R, or S12R and S13R. The Range 
Resistors are used to determine the different ohms cur- 
rent values. Refer to Table 7-F-1 to determine which 
switch and resistor is selected for the different ohms 
ranges. 


7-F-23. The Output FET Control Amplifier (U203) and 
the Output MOSFET (in U102) form a feedback circuit 
used to boost the output impedance of the Output 
MOSFET. The FET is normally biased into saturation, 
and in conjunction with the open loop gain of U203 and 
the Range Resistors results in a high output impedance 
of the Ohms Current Source. A high output impedance 
is necessary to prevent measurement nonlinearities. 





7. |. Overvoltage Protection Circuitry. The cir- 
cuitry is used to protect the Ohms Current Source from 
high voltages inadvertently applied to the 3468A’s Input 
Terminals (when the multimeter is in the Ohms Func- 
tion). The following explains the circuitry operation. 


a. If a large positive voltage is applied to the 3468A’s 
HI INPUT Terminal, the voltage is applied through 
R204 and L201 to the cathode of CR201. Since the 
cathode voltage of CR201 is higher than the anode 
voltage, the diode is reverse biased. This prevents the 
large input voltage from damaging the current source. 


b. Ifa large negative voltage is applied to the 3468A’s 
HI INPUT Terminal, the voltage is dropped across 
R204, L201, and CR201, and across R203, and R202 to 
diode connected FET Q205. This makes Q205 conduct 
and in turn clamps the base of Q202 at -.7V (one diode 
drop). This voltage along with negative collector to base 
voltage forces Q201, Q202, Q203, and Q204 to turn on. 
Transistors Q201 and Q203 conducts no more current 
than the circuit which generates the ohms current (on a 
given range). The circuit that generates the ohms current 
cannot tell the difference between a valid unknown 
resistance and the large negative input voltage. Most of 
the large input voltage is dropped across R202 and 
R203. 


c. R204 and L201 shape the initial current pulse to 
limit the current densities seen by the semiconductors in 
the current source under static discharge conditions. 


7-F-25. AC to DC Converter 


7-F-26. The purpose of the AC to DC Converter is to 
convert the 3468A’s ac inputs (volts or current) to de 
volts. The converter output is + 3.00000V de for all full- 
scale ac inputs with the output applied to the A/D Con- 
verter. All ac ranging is done in the AC to DC Con- 
verter. 


7-F-27. The AC to DC Converter consists of three 
amplifier stages and a True RMS Converter. The pur- 
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pose of the amplifier stages is to provide the same full 
scale input voltage to the RMS Converter for all full 
scale ac inputs, and to be a buffer between the converter 
and the ac inputs. The True RMS Converter does the ac- 
tual ac to de conversion. The following explains the cir- 
cuitry operation. 


7-F-28. Amplifier Stages. Refer to Figure 7-F-5 and 
Schematic 2 for the following explanation. 


a. The first amplifier stage (U301A) is an inverting 
amplifier with gains of X.001, X.1, or X1 (dependent on 
the ac range and function selected). The gains are deter- 
mined by resistors RAI, RA2, RA3, and RAII (all in 
U102; RA11 is shown on Schematic 1), as shown in 
Figure 7-F-5. Capacitor C302 and resistor R305 are used 
for high frequency compensation (for flat gains at high 
frequency). The gain determining resistors are selected 
by MOSFETS S1AC through S6AC, and S11AC (all in 
U102) which operate as switches. The gains of the 
amplifier and FETs selected for the ac functions are 
listed in Table 7-F-2. 


b. The second amplifier stage (U301B) is an inverting 
amplifier with gains of X.4 or X4 (dependent on the ac 
range and function selected). The gains are determined 
by resistors RAS, RA6, RA7, and RA8 (all in U102), as 
shown in Figure 7-F-5. The gain determining resistors 
are selected by FETs S7AC to SIO0AC (all in U102) 
which operate as switches (see Table 7-F-2). Resistor 
RAQ (in U102) makes sure the amplifier has the same 
high frequency response in X4 gain as in X.4 gain. 
Resistors R306 and R307, and C310 and C313 are used 
to filter the + 15V and -15V power supplies, respective- 
ly. 


c. The third amplifier stage (U302) is a non-inverting 
amplifier with a gain of X25 in all ac ranges and func- 
tions. The output of the amplifier is applied to the RMS 
Converter and is 3V RMS for all full scale ac inputs in 
all ac functions and ranges. Capacitor C305 is used for 
high frequency compensation (for flat gains at high fre- 
quency). 


Table 7-F-2. AC Amplifier Gains 





Function | Stage 1 |Stage 2| Total Switches (FETs) 
and Range Enabled 
ACV 300mv S2AC,S4AC,S5AC, 
SBAC,S1OAC 
ACV 3V S2AC,S4AC,S5AC, 
S7AC,S9AC 
ACV 30V S1AC,S3AC,SGAC, 
S8AC,S10AC 
ACV 300V S1AC,S3AC,SEAC, 
S7AC,S9AC 
ACI 300mA S4AC,S5AC,SBAC, 
S10AC,S11AC 
ACI 3A S4AC,S5AC,S7AC, 
S9AC,S11AC 




















7-F-29. True RMS Converter (U303). The True RMS 
Converter’s output is a positive de voltage with its value 


7-F-7 


Service 


3468A 





«3A RANGE 


100K 


RAB 





3V RANGE 





x25 
R302 R303 
1K 24K 


30V RANGE 


3468-7-F5 











3A RANGE 
RAT 





x25 


R303 
24K 





3V RANGE 
RAZ 


100K RAT 
eae 











300V RANGE 














Figure 7-F-5. AC Gain Configurations 


equal to the true rms value of the input. For example, a 
sine wave input of 1V RMS ac generates a + 1V dc out- 
put. 


7-F-30. Refer to Schematic 2. The RMS Converter has 
one major stage that does the actual conversion and a 
buffer (used as an output stage). The converter stage 
and the buffer are externally connected by R304. Pin 9 
of U303 is the input to the buffer and pin 10 is the out- 
put of the converter stage. The gain of the buffer is X1 
which is internally set. 
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7-F-31. A/D Converter 


7-F-32. General. The A/D Converter is used to change 
dc voltages to digital information. The circuitry consists 
of an Integrator (U401 and associated circuitry), 
Voltage Reference (CR401 and associated circuitry), 
and the A/D Hybrid (U403). The A/D Converter opera- 
tion is controlled by the Main Controller (US01). 


7-F-33. The A/D conversion method used by the 34684. 
is called Multi-Slope II and has two operating states: 
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Runup and Rundown. The 3468A’s most significant 
digits are determined during runup (see paragraph 
7-F-41) and the least significant digits are determined 
during rundown. The integration time depends on the 
selected Number Of Digits Displayed (3 1/2, 4 1/2, or S 
1/2). To help understand Multi-Slope II, first consider 
the operation of the Dual-Slope Conversion method. 
This method is explained in the following paragraph. 


7-F-34. Dual-Slope Conversion. In dual-slope conver- 
sion, an integrator capacitor charges for a fixed time 
period (as shown in Figure 7-F-6), which is done during 
runup. The charging rate and the resultant amplitude of 
the charge is proportional to the voltage applied to the 
integrator. The integrator capacitor is then discharged 
at a fixed rate determined by a known reference voltage 
and is done during rundown. Since the discharge rate is 
constant, the discharge time is proportional to the 
amplitude of the charge (input voltage). The amplitude 
level can then be determined by the discharge time. 
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7-F-35. Multi-Slope If Conversion. Multi-Slope II is 
similar to Dual-Slope in that a capacitor is charged and 
discharged by the input voltage and by known reference 
voltages. The following paragraphs explains the Multi- 
Slop II operation (runup and rundown). 


7-F-36. Simplified Explanation of Runup. The Runup 
operation lasts for 317 A/D counts with one A/D count 
equal to 20 (24 in the 50Hz option) cycles of the ALE 
clock (Address Latch Enable at U501 pin 11), Each A/D 
count results in one A/D ramp (or slope) at the output 
of the A/D Integrator. The same time is used in both the 
5 1/2 and 4 1/2 digit mode (317 ramps), with 10 
readings taken in the 5 1/2 digit mode (making the in- 
tegration time longer, see paragraph 7-F-40). Only 34 
ramps are used in the 3 1/2 digit mode. The ALE clock 
is generated by the Main Controller (US01, also known 
as the Main CPU). Refer to Figure 7-F-7 and Figure 
7-F-8 for the following simplified explanation of the 
runup operation. 
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Figure 7-F-6. Dual Slope Conversion 


Figure 7-F-8. Integrator (u4o1) Output Slopes 
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Figure 7-F-7. Simplified A/D Converter 
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a. When runup starts, the input voltage (A/D Con- 
verter input voltage, not instrument input voltage) is ap- 
plied to integrator U401. The resultant input current 
(lin) then charges integrator capacitor C410 and a cer- 
tain slope (output of the integrator) is then developed. 
This happens at time period T1 (see Figure 7-F-8). (The 
input voltage is always applied during runup.) 


b. After time period T1, a negative going current is 
applied to the integrator for a set time period. This cur- 
rent, in addition to the input current, charges C410. 
This generates a positive going output slope (the in- 
tegrator output). The applied current makes sure that 
the output slope that follows will cross zero, whether the 
input current is positive or negative. The current is ap- 
plied for time period T2. 


c. After time period T2, the applied current (not the 
input current) is removed and a current of opposite 
polarity is then applied to U401 for new time period T3 
(T3 is twice as long as T2). The newly applied current is 
the same value as the first applied current (at time T2), 
but at opposite polarity. The new current then charges 
C410 in the opposite direction (C410 is discharged). 
This is because the applied current is larger than the in- 
put current. 


d. When time T3 is completed, the A/D Controller 
determines if the output slope crossed zero. If zero 
crossing is detected, a current with the same value, but 
at opposite polarity, as the previously applied current is 
applied. This current is the same current as the first ap- 
plied current and is applied to the integrator for a new 
time period T4 (T4 is as long as T3). This current, in ad- 
dition to the input current, then charges C410. Since 
both currents charge C410, the output slope becomes 
steeper and, as shown in Figure 7-F-8, crosses zero. 


e. If no zero crossing (in step c) was detected (because 
of a larger input voltage), the same current as the 
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previously applied current is applied for the new time 
period T4. The current is reapplied until zero crossing is 
detected. (This is shown as the dashed lines in Figure 
7-F-8). 


f. The operation in steps c and d, or in steps c and e 
continues until the runup operation is completed. The 
total runup operation lasts for 317 ALE ramps (or 
counts). 


g. During the runup operation, a counter in the Main 
Controller increments during the positive going slope 
periods and decrements during the negative going slope 
periods. The counter, in effect, is used to determine the 
amount of charge added and subtracted from the input 
voltage. From that information, the most significant 
digits of the 3468A’s reading is calculated. 


7-F-37. Detailed Explanation of Runup. Figure 7-F-9 
illustrates the 3468A runup operation in the 4 1/2 digit 
mode. Refer to the figure (and Schematic 3) for the 
runup explanation in the following steps. The solid lines 
(in the figure) showing the runup sequence is for a 
hypothetical input value. The dashed lines are for a 
larger hypothetical input value. 


a. When runup starts, the integrator capacitor (C410) 
is charged by the input current (which is developed by 
the input voltage). The input current is applied to the 
negative terminal of integrator U401 (see Figure 7-F-7), 
and since the integrator is in the inverting configuration, 
the resultant output of U401 is positive (for positive in- 
put currents the slope is negative). The capacitor is 
charged for a short time period. 


b. During the time period when only the input cur- 
rent is applied, no other currents charge C410. Since no 
other current is applied to U401 (except the input cur- 
rent), it is called a no-current condition and the resul- 
tant output slope is called slope $+ 0. 
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Figure 7-F-9. Runup Slopes (4 1/2 Digit Mode) 
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c. After the time period, a negative current (called 
S-4) is then applied to U401. This current develops a 
positive going output slope which is called slope S-4. 
The S-4 current is always the first current applied to the 
integrator after the input current is applied. The current 
is applied for 10 ALE cycles (12 ALE cycles in the 50 Hz 
option) and is for time period T1. Since the input cur- 
rent and the applied current in the example have the 
same polarity, both charge C410. If the input current 
was at opposite polarity, C410 will still be charged in the 
same direction but the output slope will be less steep. 
This is because the applied current (S-4) is normally 
larger than the input current. 


d. After time period T1, current S-4 is removed. A 
no-current condition (slope S-0) will then exist for 1 
ALE cycle (1 ALE cycle or sometimes 2 ALE cycles for 
the SOHz option) during time period T2. The charge rate 
of Capacitor C410 is again determined by only the input 
current. Slope S-0 is also a no-current condition, as is 
slope S+0. The major difference is that the slopes are 
generated differently (see paragraph 7-F-39). Slope S-0 
is selected since the previous no-current condition was 
slope S+0. The slopes alternate with each other (S +0, 
8-0, S+0, etc.) for each no-current condition. 


e. When time T2 is completed, an S +4 current is ap- 
plied for 20 ALE cycles (24 ALE cycles for the 50Hz op- 
tion) during time period T3. The S+4 current has the 
same value as S-4, but at opposite polarity. This charges 
C410 in the other direction (i.e. the capacitor is 
discharged and then charged in the other direction). 
Time periods T3, and the TS, T7, and T9 periods that 
follow, are twice as long as time period T1 (20 or 24 
ALE cycles instead of 10 or 12 ALE cycles). 


f. After time T3, the S+4 current is removed and no 
current (slope S + 0) is applied for time T4. Time T4 is as 
long as time period T2 (1 or 2 ALE cycles). This is also 
the same time for the S-0 or S +0 slopes that follow. 
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g. When T4 is completed, the Main Controller then 
determines if the output slope has crossed zero. Zero 
crossing occurs when the A/D comparator’s output 
(CMP output at U403 pin 11) changes state. In the ex- 
ample, zero crossing is detected and current S-4 is ap- 
plied for time T5 (20 or 24 ALE cycles). 


h. After time TS, current S-4 is removed and no cur- 
rent (slope S-0) is applied for time T6. Since zero cross- 
ing was detected (during time T5), current $+4 is ap- 
plied for time T7, after slope S-0 is completed. 


i, When time T7 is completed, no curent (slope S + 0) 
is applied for time T8. Since no zero crossing was 
detected, current S+4 is reapplied for time T9 (after 
slope S+ 0). 


j. Since zero crossing was detected during time T9, 
current S-4 is applied (after slope S+0) for 20 (or 24) 
ALE cycles. Then S + 4 is applied (since zero crossing is 
detected) and so on. This takes place until the runup 
time is completed (either current S + 4 or S-4 is selected, 
dependent upon if and when zero crossing occurs). 


k. Once the runup operation is completed, U501 then 
determines the 2 most significant digits of the reading. 
For other than a zero reading, the number of S+4 
slopes will always be different than the number of S-4 
slopes. For a perfect zero reading, the number of S+ 4 
slopes will be the same as the number of S-4 slopes. This 
is represented in Figure 7-F-10. 


7-F-38. Slope S+4 and S-4 Generation. The following 
explains how the curents for slopes S+4 and S-4 are 
generated. 


a. Slope S+4. Refer to Figure 7-F-11. Note that 
both Y1 and Y2 paths are connected to ground. Since 
the summing node of the paths is a virtual ground and 
Y1 and Y2 are also connected to ground, no current 
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Figure 7-F-10. Runup Slopes For Zero Inputs (4 1/2 Digit Mode) 
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flows between the paths and the summing node. Current 
does flow from + Vref (Positive Reference Voltage) 
through a 100K ohm resistor into the integrator 
capacitor (connected to the negative terminal of U401). 
This generates a negative going output slope. 





SLOPE 














Figure 7-F-11. Slope S+4 Generation 
b. Slope S-4, Refer to Figure 7-F-12. Note that both 
Y1 and Y2 paths are are connected to -Vref (Negative 
Reference Voltage). Since the summing node is a virtual 
ground, current flows from + Vref through a 100K ohm 
resistor and paths Y1 and Y2 to -Vref. Current also 
flows from the integrator capacitor (C) to -Vref. This 
current is generated because the total resistance of the 
Y1 and Y2 paths is smaller than the 100K ohm resistor 
from + Vref. The current from + Vref plus the current 
from the capacitor equals the total current through 
paths Y1 and Y2. Since the total resistance of paths Y1 
and Y2 is 50K ohms, the current from + Vref (11) and 
the current from the capacitor (12) is half as large as the 
total Y1 and Y2 current (13). The resultant output slope 
is positive. 
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Figure 7-F-12. Slope S-4 Generation 
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7-F-39. Slope S+0 and S-+ Generation. Refer to 
Figure 7-F-13. Note that one side of a 100K ohm resistor 
(Y1 path) is connected to ground and the other side is 
connected to the summing node. Since the 100K ohm 
resistor from +Vref (Y3 path) and the 100K ohm 
resistor from -Vref (Y2 path) are also connected to the 
summing node, no current flows from the integrator 
capacitor (C). This is because the resistance value of 
path Y2 and Y3 is the same and makes the current value 
of paths Y2 and Y3 the same (but opposite polarity). 
This is true for both slopes S +0 and S-0. The only dif- 
ference is that paths Y1 and Y2 are switched when the 
slopes are switched (Y1 to ground and Y2 to -Vref, or 
Y2 to ground and Y1 to -Vref). 
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Figure 7-F-13. Slope S+0 and S-0 Generation 


7-F-40. Runup Time. The runup time changes with the 
number of digits selected. For the 3 1/2 Digit mode, the 
time is 1/600 second (for both the 60Hz and the 50Hz 
options) and is called .1 PLC (Power Line Cycles). For 
the 4 1/2 Digit mode, the time is 1/60 second (1/50 se- 
cond for the 50 Hz option) and is called 1 PLC. The 5 
1/2 Digit mode is different. In this mode, 1 PLC is used 
for the runup time with the A/D operation repeated ten 
times. The resultant ten readings are then averaged and 
the answer becomes a single reading. 


7-F-41. Digit Generation. When the 3468A is in the 4 
1/2 and 5 1/2 Digit mode, the first two significant digits 
(of the reading) are determined during runup. In the 3 
1/2 Digit mode, only the first digit is determined. In 
rundown, the three least significant digits are deter- 
mined in all modes. A total of 5 1/2 digits are developed 
in both the 5 1/2 and 4 1/2 digit modes. Since only 4 1/2 
digits are displayed in the 4 1/2 digit mode, the last digit 
in the mode is rounded off to the next higher digit. 


7-F-42. Rundown. When runup is completed, the 
voltage at the A/D Converter’s input is removed and the 
input is then connected to ground. The rundown opera- 
tion then starts. Rundown is used to determine the three 
least significant digits of the 3468A’s reading. 





3468A 


7-F-43. After runup, a voltage (or charge) remains on 
the integrator with its amplitude and polarity dependent 
on the last current applied (S+4 or S-4) and the input 
voltage (applied during runup). By obtaining the value 
of the remaining voltage, the least significant digits can 
then be determined. The voltage value is obtained by ap- 
plying various currents to the integrator, and counting 
the number of times the currents have to be applied for 
the resultant output slopes of the integrator to cross 
zero. 


7-F-44. The currents applied to the integrator are called 
the S-4, S+4, S-3, S+2, S-1, and S + 1 currents and the 
resultant output slopes are the S-4, $+ 4, S-3, $+ 2, S-1, 
and S+1 slopes. Each one of the currents (S-4, S+4, 
etc.) are applied (in the given order) to the integrator a 
set number of times until zero crossing occurs. The only 
exception is the first S-4 current (see paragraph 7-F-45 
step c). The first and second set of currents applied are 
the S-4 and S+4 currents, respectively. These currents 
have the same value as the S-4 and S + 4 currents used in 
the runup operation, but are applied half as long. The 
S-4 and S+4 slopes are each 10 ALE cycles long (20 
ALE cycles in runup) and are called half-ramps. The 
next currents applied (in order) are the S-3, S+2, and 
S-1 currents, with S-0 slopes applied between them. 


7-F-45. Rundown time is separated into five time 
periods, as shown in Figure 7-F-14, Refer to the figure 
for the following explanation on the rundown opera- 
tion. 


a, When rundown starts, the polarity of the remain- 
ing voltage on the integrator is determined by the Main 
Controller (U501). The polarity is determined by the 
output state of the A/D comparator (CMP output at 
U403 pin 11). A high output level shows a positive 
voltage and a low level shows a negative voltage. 
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b. If it has been determined that the remaining 
voltage on the integrator is negative, S-4 currents are ap- 
plied a number of times until zero crossing occurs (CMP. 
output changes state). Since the S-4 currents can be ap- 
plied (during time T1 in Figure 7-F-14) to a maximum of 
three ramps, the resultant output slope S-4 will normally 
cross zero with three or less S-4 currents applied. After 
zero crossing occurs, the current is removed within 10 
ALE cycles (i.e. one half-ramp) after the S-4 slope 
crosses zero. If (after the current is removed) time T1 is 
not completed, a no-current condition remains (i.e., an 
S-0 slope) for the rest of time T1. No current is applied 
to keep the rundown time constant. 


c. If the remaining voltage on the integrator is 
positive, current S-4 is applied for a short time and then 
removed. The current is applied for a short time because 
the current develops a positive output slope and the in- 
tegrator voltage is also positive. Both the slope and the 
integrator voltage together could saturate the in- 
tegrator. When Current S-4 is removed, no current (an 
S-0 slope) is then applied for the rest of time T1. Cur- 
rent S-4 is applied whether the integrator voltage is 
positive or negative. This is to make sure that the slopes 
that follow (slope S + 4) will always cross zero and that 
the same transitions occurs for all readings. 


d, The next current applied is positive S+4 current. 
Its value is the same as S-4, but in the opposite direc- 
tion. The current is applied until slope S+4 crosses 
zero. The current can be applied (during time T2) a 
maximum of three ramps. This makes time T2 the same 
as time T1. The S$ +4 currents are also removed within 
10 ALE cycles after the S+4 slope crosses zero. Here 
again, no current is applied (slope S-0) for the re- 
mainder of time T2. 


e. After time T2, the next current applied is negative 
S-3 current (its polarity is opposite of S + 4). Because the 
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Figure 7-F-14. Rundown Slopes 
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value of an S-3 current is 1/10 the value of an S-4 cur- 
rent, the resultant S-3 slope is not as steep and takes a 
longer time to cross zero. This makes the maximum 
number of times the currents can be applied (during 
time T3) seven times instead of three. The S-3 current is 
also removed within 10 ALE cycles after slope S-3 
crosses zero. Then no current (S-0) is applied for the re- 
mainder of time T3. 


f. When time T3 is completed, positive current S +2 
is applied. This current is 1/10 the value of S-3 (1/100 of 
S-4) and in the opposite direction. The maximum 
number of times the S + 2 current can be applied is seven 
(as are S-3 currents). Time T4 has the same amount of 
time as T3. The S +2 currents are also removed within 
10 ALE cycles after slope S+2 crosses zero. Then no 
current (S-0) is applied for the remainder of time T4. 


g. The next current applied is negative S-1. This cur- 
rent is 1/10 the value of S+2 (1/1000 of S+4) and in 
the opposite direction. The current is applied until it 
crosses zero. The currents are also removed within 10 
ALE cycles after slope S-1 crosses zero. 


h. Once the S-1 currents are removed a positive S + 1 
current is applied for 5 ALE cycles and is called one 
quarter ramp. This current is applied instead of no cur- 
rent and only happens after the S-1 slope. The current 
has the same value as S-1, but in the opposite direction. 
The currents are applied until zero crossing occurs and 
are removed within 5 ALE cycles after crossing zero. 


i, After current S+1 is removed, within 5 ALE 
cycles, current S-1 is reapplied. This new S-1 current is 
also applied until zero crossing occurs. After S-1 slope 
cross zero, current S + 1 is reapplied. After current S+1 
is removed, S-1 is applied, and so on. This takes place 
until time TS (and rundown) is completed. 


j. During the rundown time, a counter in the Main 
Controller counts the number of S-4, S+4, S-3, $+2, 
and S-1 slopes it takes for each set of slopes to cross 
zero. This is then used to calculate the 3 least significant 
digits of the 3468A’s reading. 


7-F-46. Integrator Offset Compensation. The A/D In- 
tegrator can have offsets which can prevent the S+2 
and S-1 slopes from crossing zero. To make sure the 
slopes will cross zero, the A/D’s DAC (Digital to 
Analog Converter, R401 through R406) is turned on 
before the S+2 currents are applied. The DAC is used 
to null out any offsets from the integrator. 


7-F-47. The correct DAC setting is determined during 
the time when the S+1 and S-1 currents are applied. 
These currents are applied after the first set of S-1 slopes 
have crossed zero (see paragraph 7-F-45, step g). Since 
both S+1 and S-1 currents have the same amplitude, 
the $ + 1 and S-1 slopes should have the same magnitude 
(i.e. zero crossing should occur at a certain time). If a 
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difference in magnitude is noted by the Main Con- 
troller, the DAC is adjusted until the magnitude of the 
S+1 and S-1 slopes are the same. This is illustrated in 
Figure 7-F-15. Refer to paragraph 7-F-66 for more in- 
formation on the DAC. 
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Figure 7-F-15. Determining the DAC Setting 








7-F-48. Rundown Slope Generation. The S-4 and S+4 
slopes are generated the same way it is done for the 
runup operation (see paragraphs 7-F-38). The only dif- 
ference is that they only depend on the applied S-4 and 
S+4 currents, not the input current. The S-0 slope is 
generated the same way as the S-0 slope in runup (see 
paragraph 7-F-39). The S-3 and S-1 currents use the 
same circuitry configuration as the S-4 current (see 
Figure 7-F-12), but use different resistor values. The 
resistor values are such that the S-3 current is 1/10 the 
S-4 current and the S-1 current is 1/1000 the S-4 current. 
The S+2 and S+1 currents use the same circuitry con- 
figuration as the S+4 current (see Figure 7-F-11). In 
this case, the resistor values chosen are such that the 
S+2 currents are 1/100 the value of S+4 current and 
S+1 is 1/1000 the value of S+4, 


7-F-49. A/D Converter and Reference Circuitry. The 
A/D Converter Circuitry consists of the A/D Hybrid 
(U403), A/D Integrator (U401 and associated circuitry), 
and the Main Controller (U501). Since the Voltage 
Reference Circuitry (CR401, U405, U404, U402, and 
associated circuitry) uses part of the A/D Hybrid (for 
stability purposes) and since it is also used by the A/D 
Converter, it is considered part of the converter cir- 
cuitry. Refer to Schematic 3 for the following explana- 
tion on the A/D Converter Circuitry. 


a. A/D Hybrid (U403). The A/D Hybrid, shown in 
Figure 7-F-16, operates as follows: 


1. The A/D Hybrid has, internal to it, various 
latches, decoders, and a clock generator. The 
decoders receive control information from the 
Main Controller, then decode the information and 
pass the new information to the latches. The lat- 
ches then transfer the new information to the 
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Figure 7-F-16. A/D Hybrid (U403) 


various switches in the hybrid during each clock 
pulse. The clock pulses are generated by the clock 
generator which is syncronized by the ALE clock 
(from the Main Controller). The hybrid receives 
all its control information from ports P15 through 
P17, and P26 and P27 of the Main Controller 
(US01 pins 32 to 34, and pins 37 and 38). The in- 
formation is transferred over the A, B, C, D, and 
E lines (U403 pins 5 through 9) of the hybrid. 


2. The S-4,S+4, S-3,S+2, S-1,S+1, S-0, and 
S+0 currents are developed using resistors RA2 
through RA1O in conjunction with the slope swit- 
ches. 


3. The A/D comparator is also inside the A/D 
Hybrid and its input is connected to the output of 
the A/D Integrator. The comparator updates its 
output during each clock pulse. Since the com- 
parator’s output is connected to a latch, the out- 
put is transferred to a TTL driver during each 
clock pulse. The TTL driver is a buffer which con- 
nects the output of the latch to the Main Con- 
troller. 


4. Dependent on the function selected, the 
hybrid connects the DC/Ohms Input Amplifier’s 
output or the AC to DC Converter’s output to the 
A/D Integrator’s (U401) input resistor (RAI in 
U403). This is done by the input switches inside 
the hybrid. 


b. A/D Integrator (U401 and associated 
circuitry). The A/D Integrator consists of an amplifier 
(U401) with capacitor feedback (C410). Since the 
amplifier is inverting, the output slopes of the integrator 
will be positive for negative input currents (and vice ver- 
sa). 


c. Main Controller (U501). The Main Controller 
controls the operation of the A/D Converter and the in- 
strument. This includes the control of the runup and 
rundown operation, and selecting the correct currents 
(S-4, S+4, etc.). Refer to paragraph 7-F-52 for more in- 
formation on the Main Controller. 


d. Voltage Reference. The Voltage Reference provides 
three stable reference voltages: -10V, + 10V, and a buf- 
fered -10V. The circuitry, shown in Figure 7-F-17, is ex- 
plained as follows: 
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Figure 7-F-17. 3468A Simplified Reference Circuitry 


1. The -10V reference voltage is used by the 
A/D Hybrid (U403) to develop stable and ac- 
curate S-4, S+4, S-3, etc. currents. The reference 
voltage is developed by non-inverting amplifier 
(U405) using feedback resistors in U403 and a 
6.9V reference diode (zener diode CR401). The 
reference diode is connected to the amplifier’s 
positive terminal and determines the stabilty of the 
reference voltage. The feedback resistors for U405 
are in U403 for good stability. 


2. The buffered -10V is used by the A/D 
Hybrid as a stable -10V power supply. The voltage 
is developed by X1 gain non-inverting amplifier 
U404 and the -10V reference voltage. 


3. The +10V reference voltage is used by the 
A/D Hybrid (in conjunction with the -10V 
reference) to develop the S-4, S+4, S-3, etc. cur- 
rents. The + 10V reference voltage is also used by 
the Ohms Current Source to develop a stable ohms 
current (see paragraph 7-F-21). The reference 
voltage is developed using inverting amplifier 
U402 and feedback resistors in U403. 


7-F-50. 3468A Control Logic Circuitry 


7-F-51. The 3468A Control Logic Circuitry controls the 
operation of the whole instrument, including front 
panel and remote operation. The major circuitry is the 
Main Controller Circuitry, consisting of a CPU (U501) 
and a Control ROM (U502). The operation of the Con- 
trol Circuitry is descibed in the following paragraphs. 
Unless otherwise specified, refer to Schematic 3 for the 
explanation. The circuitry is described as follows: 
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. Main CPU (US01) Circuitry - paragraph 7-F-52. 
. Control ROM (U502) - paragraph 7-F-53. 
Power-On and Reset Circuitry - paragraph 7-F-54. 
CMOS RAM - paragraph 7-F-55. 
RAM Addressing - paragraph 7-F-56. 
. Reading the RAM - paragraph 7-F-57. 
Sending Data to RAM - paragraph 7-F-58. 
Keyboard Operation - paragraph 7-F-60. 
Display Operation paragraph 7-F-61. 
HP-IL Operation - paragraph 7-F-62. 
. Rear Panel Switch - paragraph 7-F-63. 
A/D Converter Control - paragraph 7-F-64. 

m. Input Hybrid Control - paragraph 7-F-65. 

n. Digital to Analog Converter Operation 
paragraph 7-F-66. 
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7-F-52. Main CPU (U501) Circuitry. The operation of 
the CPU and associated circuitry is as follows: 


a. The CPU has an internal 128 bytes of RAM 
memory and a clock. The frequency and stability of the 
clock is determined by 6.003 MHz crystal Y501. 


b. The Data Lines (D0 to D7) from the CPU are used 
as both Data Lines and the lower 8 bits of the Address 
Lines (A0 to A7). This is done by multiplexing the lines. 
The Address Lines are used to address the Control 
ROM, CMOS RAM, and the HP-IL Chip. The Data 
Lines send and receive data between the CPU and the 
Control ROM, CMOS RAM, and HP-IL Chip. The 
ALE (Address Latch Enable) line goes low to latch the 
lower 8 Address bits on US08. The Address bits are then 
sent to the Control ROM, CMOS RAM, and HP-IL 
Chip. 
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c. Other lines from the CPU are bi-directional Ports. 
The ports are used to control the A/D Converter Hybrid 
(U403) and Input Hybrid (U102), send information to 
the display, and send and receive data to the keyboard. 
Some ports (P20 through P23) are used as the upper Ad- 
dress bits, A8 through A11). 


7-F-53, Control ROM (U502). The Control ROM is 
addressed when its CE line (Chip Enable at US02 pin 20) 
is low. The low comes from the CPU’s PSEN line (Pro- 
gram Store Enable at USO1 pin 9). Address AO to A7 
comes from latch US08. Address bits A8 to All comes 
from Ports P20 to P23 (U501 pins 21 to 24). Address bit 
A12 comes from Port P14 (US5O1 pin 31) of the CPU. 
When the ROM is addressed and enabled, data from the 
ROM is transfered to the Data Lines. 


7-F-54. Power-On and Reset Circuitry. The Power-On 
and Reset Circuitry is used to reset the CPU after the 
3468A is turned on, when the front panel TEST/RESET 
button is pressed, and if the CPU inadvertantly goes to 
a non-operational state. The circuitry operates as 
follows: 


a, Power-On Circuitry. Refer to Figure 7-F-18 or 
Schematic 3. The Power-On Circuitry resets the CPU 
when the 3468A is turned on and when the >7V power 
supply (raw supply for the + 5V supply) is low. The step 
by step operation is as follows: 








sal uses 
cru nos 
Rar 














Bool g reser ss cee 











Figure 7-F-18. Power-On Circuitry 


1. When the 3468A is turned on, the positive in- 
put of comparator US50A goes high after the 
>7V power supply comes up. 


2. Since the negative terminal of US50A is con- 
nected to BT551, the output of the comparator at- 
tempts to go high and charges capacitor C551. The 
output goes high since the comparator has an open 
collector output and a pull-up resistor is connected 
between the CPU’s RESET line (output of 
USSOA) and +5V (the resistor is internal to the 
CPU). 





3. During the charge time, the RESET line rises 


Service 


from a low level until the capacitor is charged to a 
high level. 


4. The RESET line goes high and the CPU 
resets and turns on. The 3468A is now in its turn- 
on state. 


5. As long as the RESET line is low, the CPU’s 
SS (Single Step) line is low (the line is connected to 
the RESET line). Holding the SS line low, forces 
the PSEN line high and prevents the CPU from 
reading the Control ROM before the ROM is in- 
itialized. 


6. When the RESET line is low, the CE2 line of 
the CMOS RAM (U509) is also low and disables 
the RAM (see paragraph 7-F-59). 


7. The CPU is also reset when the >7V power 
supply goes low. A low power supply sets the 
positive input of USSOA low which makes the 
USSOA’s output low. This resets the CPU. 


b. Reset Circuitry. Refer to Figure 7-F-19 or 
Schematic 3. The Reset Circuitry is used to reset the 
CPU when the TEST/RESET button is pressed or if the 
CPU inadvertently goes to a non-operational state. The 
step by step operation is as follows: 


1. During normal operation, counter U504 is 
continuously incremented by the ALE clock. 


2. The counter is reset by the Q1 output of latch 
US07. The latch receives its data from Port 20. 
Since the QI output of the latch is also connected 
to the keyboard, the counter is reset as long as the 
keyboard is scanned (see paragraph 7-F-60). The 
reset pulse is developed by C503, CR501, and 
RS02. 


3. If the TEST/RESET button is pressed or the 
CPU goes to a non-operational state, the 
keyboard scanning is stopped. 


4, Since the ALE clock is still operating, the 
counter keeps incrementing for about 1.3 seconds. 


5. After the 1.3 seconds, the Q20 output of 
U504 goes high. This is because the counter is not 
being reset. 


6. The Q20 output is connected to the negative 
terminal of comparator U5S5OB. Since the positive 
terminal of USS5OB is at + 3.3V (from the display), 
US550B’s output goes low. This brings the RESET 
line low. 


7. The ALE clock continues to increment the 
counter and after 1.3 seconds the Q20 output goes 
low. 
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Figure 7-F-19. Reset Circuitry 


8. With the Q20 output low, the output of USSOB at- 
tempts to go high and charges C551 (see step a-2). 


9. Once the capacitor is charged to the high level, the 
CPU then resumes operation. The 3468A is now in its 
turn-on state. 


7-K-55. CMOS RAM. The CMOS RAM is used to store 
the 3468A’S Calibration Constants. The following 
paragraphs explain how the RAM is addressed, how 
data (constants) is read from the RAM, and how new 
data (new constants) is sent to the RAM. This is done 
using the RAM’s Address, Input, and Output Lines. 
The Address Lines are connected to the CPU’s lower 8 
Address bits (AO to A7). The RAM’s input and output 
lines, (D1 to D4 and DOI to DO4 respectively, are con- 
nected to each other and to the DO to D3 Data Lines. 


7-F-56. RAM Addressing. The RAM can only be ad- 
dressed as long as line CE2 (Chip Enable 2 at U509 pin 
17) is high. The line is high when the 3468A is turned on. 


7-F-57. Reading the RAM. The RAM can be read 
under the following conditions. 


a. Line OD (Output Disable at U509 pin 18) must be 
low. It is low when the RD Line (Read at U501 pin 8) is 
low. 


b. Line CEI must also be low. It receives the low 
from one section of the CMOS latch U505 (pin 6). The 
latch transfers data from Port P23 during each ALE cy- 
cle. 


c. Once the previous conditions are met (the RAM is 
addressed) and line CE2 is high, data from the RAM is 
transferred to the Data Lines. 
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7-F-58. Sending Data to RAM. The RAM can receive 
new Data when its R/W line (Read/Write at U509 pin 
20) is low. This can only happen if the 3468A’s Cal 
Switch (located at the rear panel) is on (down) and the 
WR line of the CPU (Write at U501 pin 10) is low. 
When the CAL Switch is on (down), it connects the WR 
line of the CPU to the R/W line of the CMOS RAM. 
When the WR line is low, the RAM can then receive new 
data. 


7-F-59. Since the 3468A’s Calibration Constants are 
stored in the CMOS RAM, the constants must remain in 
the RAM when the 3468A is turned off (or power 
removed). This is done by battery BT551. In addition, 
the RAM should not see any possible write commands 
(R/W low) during the time that power is removed. The 
RAM must be disabled. This is because a write com- 
mand may erase some calibration constants. The RAM 
is disabled by comparator U550A (part of the CPU’s 
power on). The operation is as follows: 


a. As long as the 3468A is on, the RAM gets its supp- 
ly voltage from the + 5V power supply through diode 
CRS5S50. 


b. When power is off, the RAM gets its supply 
voltage from battery BTS51 through diode CR551. The 
battery voltage is used for data retention. 


c. After turning power off, the RAM is disabled by 
setting Line CE2 low. This is done by comparator 
US550A. The comparator senses a low (or no >7V) from 
voltage divider R551 and R552. Since U550A’s negative 
terminal is at the battery voltage, the output of USSOA 
discharges C551 before the supply goes off. This makes 
Line CE2 low and disables the RAM. 


7-F-60. Keyboard Operation. The Keyboard’s 
pushbuttons are connected in a 4X4 matrix and are con- 
tinuously scanned by the CPU. The operation is as 
follows: 
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a. One side of the matrix is connected to Ports P10 to 
P13 of the CPU (U501 pins 27 to 30) and the other side 
is connected to the QI to Q4 outputs of CMOS latch 
U507 (U507 pins 3 to 6). The latch receives its input 
from Ports P20 to P23 (U501 pins 21 to 24) and 
transfers data each time the CPU’s PROG line goes low. 


b. Before scanning starts, the Q1 to Q4 outputs of 
US07 and Ports P10 to P13 of U501 are set high. When 
scanning starts, starting with the Q1 output, each out- 
put goes sequentially low. 


c. During the time that the keyboard is scanned, the 
CPU determines which one and if any of Ports P10 to 
P13 are low. A low on P10 to P13 is used to determine 
the button pressed. For example, the SRQ button is 
pressed and turns the corresponding keyboard SRQ 
switch on. This connects Port P11 to output Q4 which 
makes P11 low when Q4 is low. Since the CPU knows 
when it sets Q4 low and also knows when P11 is low, the 
pressed button is determined. 


7-F-61, Display Operation. The 3468A Display is an 
alphanumeric display with 12 annunciators. The CPU 
sends serial data to the Display Circuitry which in turn 
does all the necessary decoding of the data (to display 
readings, etc.). The operation is as follows: 


a. With line PWO high, the CPU can send new data 
to the Display Circuitry. Data is in serial form and is 
sent on the INA line (US05 pin 4). For the Display Cir- 
cuitry to receive and decode the data, the other display 
lines have to send certain information to the circuitry. 
This is as follows: 


1, The Display Circuitry requires two clock in- 
puts to receive data, #1 and $2. The inputs come 
from latch U5S05 (pin 3) and Port P25 for clock in- 
puts $1 and #2, respectively. 


2. The ISA line (US05 pin 5) is used to give in- 
structions to the Display Circuitry. 


3. The SYNC line (U505 pin 6) is used to tell the 
Display Circuitry when to look for instructions. 


b. With line PWO (from Port P24 of the CPU at 
U501 pin 35) low, the Display Circuitry operates 
without receiving any data from the CPU. The circuitry 
can operate in this mode since it has an internal clock 
(capacitor C501 is the frequency reference). With the 
circuitry in the internal mode, no updating of the 
display is done. Line PWO is controlled by the CPU. 


7-F-62. HP-IL Operation. All interfacing between the 
CPU and the Hewlett-Packard Interface Loop (HP-IL) 
is done by the HP-IL Chip (U503), and isolation 
transformers T501 and T502. The transformers transfer 
and receive information between the HP-IL Chip and 
the HP-IL. The circuitry operates as follows. 
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a. The HP-IL Chip generates its own clock signal us- 
ing internal circuitry in conjunction with inductor L501 
and C504. 


b. When US503 is addressed (by the CPU) and its WR 
(Write) line is low, data from the CPU is sent over the 
Data Lines to U5S03. Line WR gets its low from the 
CPU’s WR line. With the CPU WR line low, its RD 
(Read) line is high (which makes US03’s RD line high). 
Depending on the Register selected (RSO to RS2 at US03 
pins 5 to 3, which are the AO to A2 Address Lines of the 
CPU), U503 interprets the data as the interface state 
(Talker, Listener, etc.) or a frame of data to be sent. 


c. When US03 is addressed (by the CPU) and its RD 
line is low, US03 is enabled to send data to the CPU 
over the Data Lines. Line RD gets its low from the 
CPU’s RD line. Depending on the Register selected 
(RSO to RS2, see previous step), the data may be a frame 
which was received or status about the state of the inter- 
face. 


d. The CPU continuously checks (for HP-IL data) 
and updates US03. 


e. Capacitors C508 and C509 in conjunction with 
resistors R505 and R506 are used as filters (for the 
transmitter). Resistors R503 and R504 are used as pull- 
down resistors (for the receiver), Diodes CR552 through 
CRSS5S are used as overvoltage protection for the HP-IL 
Chip. 


7-F-63. Rear Panel Switch. The Rear Panel Switch 
(S501) is an eight section DIP switch used to select the 
3468A’s Signature Analysis (SA) Routines, set the 
Power SRQ Status Bit, set the 3468A to the talk-only 
mode, set the multimeter to the selected power line fre- 
quency, and to enable calibration. Except for the 
calibration operation (it is explained in Section IV of 
this manual), the purpose and operation of the switches 
is as follows: 


a. SA1 and SA2. The 3468A has two SA routines, 
SAI and SA2, which are selected by switch S501. Switch 
SA1 is used to hold address line A12 of the ROM low. 
At power on reset, this places the CPU and ROM to the 
SAI code location. Switch SA2 is used to hold the 
CPU’s INT (interupt) line low. At power on reset, this 
will signal the CPU to go to the SA2 routines. 


b. Power-On SRQ. This switch holds the A6 line of 
the HP-IL Chip low. This line determines the value of 
bit 7 of the SRQ Mask (see this manual’s Section III for 
information on the Power SRQ Bit). 


c. Talk-Only Mode. In this case, the switch holds the 
HP-IL Chip’s A7 line low and the 3468A is placed into 
the talk-only mode by the chip (refer to this manual’s 
Section III for information on this mode). 
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d. Power Line Frequency (50Hz/60Hz). This switch 
holds the TO input line (US0O1 pin 1) of the CPU low. 
The CPU will then select the A/D Converter’s Integra- 
tion Time for the selected power line frequency (1/60 se- 
cond for 60Hz or 1/50 second for 50Hz, etc.). 


7-F-64. A/D Converter Control. The A/D Converter 
receives control data from the CPU’s Ports P15 to P17 
(USO1 pins 32 to 34), P26 (pin 37), and P27 (pin 38). The 
data is used to select the various slopes (see paragraph 
7-F-49 step a) in the converter. The output of the A/D 
Converter (CMP, the Comparator Output) is applied to 
the T1 input of the CPU (at US01 pin 39). The ALE out- 
put is used as the A/D converter’s clock. Refer to 
paragraph 7-F-31 for more information on the A/D 
operation. 


7-F-65. Input Hybrid Control. The control lines to the 
Input Hybrid (U102) are: Data, Mode, and Clock. The 
Data line comes from the Q3 output of latch U505 (pin 
5), the Mode line comes from Port P10 (U501 pin 27), 
and the Clock comes from Port P26 (US01 pin 37). The 
lines do the following. 


a, When the Clock input (U102 pin 24) is low, no 
data is transferred into the hybrid. 


b. When the clock input makes a transition from low 
to high, the following happens: 


1, When the Mode input (U102 pin 25) is low, 
data on the Data line (U102 pin 26) is transferred 
into the hybrid (into an internal shift register). 


2. When the Mode input is high, the data in the 
hybrid (in its shift register) is used to set-up the 
switches in the hybrid. 


7-F-66. Digital to Analog Converter Operation. The 
3468A’s A/D Converter requires a certain offset voltage 
(see paragraph 7-F-46 for more information). This off- 
set is applied to the negative input of the A/D Integrator 
(U401) and comes from the Digital to Analog Converter 
(DAC). The offset voltages are developed by resistors 
R401 to R406, which are selected by CMOS latches 
US505 and US507. Each time latch U50S is clocked by the 
ALE and latch U507 is clocked by the CPU’s PROG 
line, the output of the latches is either high or low. This 
depends on the position (high or low) of Ports P20 to 
P23. The outputs in conjunction with resistors R401 to 
R406 then generate a certain offset voltage. 


7-F-67. Power Supplies 


7-F-68. General. The 3468A has three power supplies: 
+15V, -15V, and +5V (plus an unregulated supply, 
>7V). All power supplies use transformer T730 as the 
main ac power source. If the 3468A has the battery op- 
tion (Option 001), the Battery Charger Circuitry (see 
Paragraph 7-F-72) supplies the raw voltages for the 
power supplies when ac power is removed. Refer to 
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Schematic 4 for the following explanation on the power 
supply circuitry. 


7-F-69. +5V and >7V Supplies. A full-wave rectifier, 
consisting of CR703 and CR704, develop the raw 
(unregulated) voltage for the +5V power supply. The 
voltage is the >7V supply and comes from the Battery 
Charger when ac power is removed. The + 5V regulated 
voltage is developed by voltage regulator U701. 
Breakdown diode CR712 is used for overvoltage protec- 
tion. Capacitor C705 and C731 are filter capacitors. 
Diode CR707 normally does not conduct, but will con- 
duct if the + 15V power supply goes below + 5V. This is 
used to protect the Input Hybrid, U102, if the +15V 
supply goes low. Temperature sensitive resistor RT705 
is used to protect supplies from excessive output cur- 
rents. The protection circuitry operates as follows: 


a. If the output current of the +5V and >7V is ex- 
cessive, RT705 heats up. 


b. Since RT705 has a positive temperature coeffi- 
cient, its resistance increases to a large value due to high 
temperature. 


c. The high resistance causes most of the supply 
voltage to drop across RT705, in effect shutting down 
the supplies. 


d. The large resistance value remains until RT705 
cools down (power supply draws normal current). 


7-F-70. +15V Supply. A voltage doubler circuit, con- 
sisting of C741, C703, CR701, and CR702, is used to 
develop the raw (unregulated) voltage for the +15V 
supply. The voltage comes from the Battery Charger 
when ac power is removed, The voltage doubler circuit 
develops the raw voltage by charging capacitor C741 
during the negative cycle of the ac power source (T730). 
The capacitor is charged through diode CR702 (CR701 
does not conduct at this time). During the positive ac cy- 
cle, CR701 conducts and rectifies the ac voltage to de. 
The resultant de voltage is the positive voltage from the 
secondary of the power transformer (between pins 11 
and 13 of T730) plus the charge on capacitor C741. This 
makes the resultant voltage approximately twice the 
peak ac voltage (+20V). Diode CR752 prevents any 
negative voltages from being applied to the positive side 
of C741 (which may happen at turn on). The regulated 
+15V comes from voltage regulator U703. Breakdown 
diode CR750 and CR711 are used for overvoltage pro- 
tection. Capacitor C704 is a filter capacitor. 
Temperature sensitive resistor RT707 is to protect the 
supply from excessive output currents (see Paragraph 
7-F-69 step a). 


7-F-71. -15V Supply. The -15V Supply is a mirror im- 
age of the +15V Supply. Refer to the explanation on 
the +15V Supply (see previous paragraph) for the ex- 
planation on the -15V Supply. Keep in mind that the 
currents and voltages are opposite in polarity. 
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7-F-72. Battery Charger Circuitry (Option 001) 


7-F-73. The Battery Charger Circuitry is located on the 
A3 assembly and does the following: 


a. Battery Charging (Power Switch Off). The Bat- 
tery is charged (if it needs charging) with a typical 
charge current of 400mA. 


b. Battery Charging (Power Switch On). The Battery 
is charged (if it needs charging) with a typical current of 
130mA,. 


c. Battery Only Operation. The battery supplies the 
power for the DC to DC Converter which supplies the 
raw (unregulated) voltages for the 3468A’s +5V, 
+15V, and -15V power supplies. 


7-F-74, The Battery Charger Circuitry consists of a Bat- 
tery, Battery Charger, Voltage and Current Sensing Cir- 
cuitry, and a DC to DC Converter. The following 
paragraphs explain how the different circuitry operates. 
Refer to Schematic 5 (and 4) for the explanation. 


7-F-75. Battery Charging (Power Switch Off). With 
the power switch off and ac power applied to the 3468A, 
the Battery Charger operation is explained in the follow- 
ing steps. Refer to Figure 7-F-20 (Simplified Schematic 
Of The Battery Charger) for the explanation. 
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a. The output from transformer T730 (coming 
through pins 8 and 16 of P701) is connected to full-wave 
rectifier CR901 and CR902. The de output of the diodes 
is used as the battery charger power supply when ac 
power is connected to the 3468A. 


b. Comparator U902A (in conjunction with Q901 
and Q902) determines if battery BT901 needs charging. 
Comparator U902A in conjunction with U902B also 
determines the maximum allowable charge current. The 
operation is as follows: 


1. If the battery voltage is less than approx- 
imately 7.1V (the voltage decreases as temperature 
increases), the battery needs to be charged. 


2. The battery voltage is divided down by 
divider R924, R904, R903, and RT922. The resul- 
tant voltage drop across R903 is applied to the 
negative terminal of U902A. 


3. The positive terminal of U902A is at +2.5V, 
which comes from voltage regulator U901. If the 
negative terminal of U902A is below +2.5V, its 
output goes high. This is because the comparator 
operates as an amplifier. The high output turns 
Q902 on harder which turns Q901 on harder, sup- 
plying more current to the battery. 
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Figure 7-F-20. Simplified Schematic Of The Battery Charger 
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4. lf the positive terminal of U901A goes above 
+2.5V, its output goes lower and turns Q901 and 
Q902 on less hard (the battery receives a smaller 
charge current). When the battery is completely 
charged, there is still a trickle charge current of 
approximately SmA. The current prevents the bat- 
tery from discharging itself and to maintain the 
battery voltage at approximately 7.1V. 


5. Diode CR904 is used to supply the power for 
U902 when ac power is connected to the 3468A 
and CR90S5 is used to supply the power (from the 
DC to DC Converter) when ac power is discon- 
nected. Diode CR905 has to supply power to U902 
since U902 is also used when power is discon- 
nected. 


c. Comparator U902B is used to determine the max- 
imum battery charge current and operates in conjunc- 
tion with U902A. The operation is as follows: 


1. The negative terminal of U902B is connected 
to ground. 


2. The positive terminal of U902B is connected 
to summing resistors R908, R909, and R910. 
Resistors R908, R909, and R910 are connected to 
the -15V power supply, to +2.5V, and to R740 (at 
the center tap of T730), respectively. The voltage 
drop across R740 is directly proportional to the 
sum of the battery charge current and the +5V 
supply current. 


3. With the 3468A’s power switch off, the -15V 
supply is at zero volts and the +5V power supply 
current is zero. At this time, the voltage drop 
across R740 depends on only the current drawn by 
the battery charge circuitry. Since the negative ter- 
minal of U902B is at zero volts (ground potential), 
the positive terminal must also be at zero volts (for 
normal operation). This is true when the voltage 
drop across R740 is at a certain value. The voltage 
drop has the correct value when the battery charge 
current is approximately 400mA. Comparator 
U902B in effect forces its positive terminal to zero 
volts by controlling the amount of battery charge 
current (using Q901 and Q902). 


4, With the 3468A’s power switch on, the -15V 
and +5V power supplies are now on. At this time, 
the voltage drop across R740 depends on the cur- 
rent drawn by the battery charge circuitry and the 
+5V supply. In order for the positive terminal of 
U902B to be at zero volts, the voltage drop across 
R740 must now be different (because the -15V and 
+5V power supplies are now on). The voltage 
drop across R740 is now correct when the battery 
charge current is at approximately 130mA. 
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7-F-76. Battery Only Operation. in this mode, the DC 
to DC Converter generates the raw power supply 
voltages for the 3468A’s power supplies. Three condi- 
tions must be met for the converter to operate: the ac 
power source is disconnected from the multimeter, the 
instrument is on (power switch on), and the battery 
voltage must be high enough. The following steps ex- 
plain the operation of the DC to DC Converter. Refer to 
Figure 7-F-21 (simplified schematic of the DC to DC 
Converter) for the explanation. 


a. When power is disconnected from the 3468A, the 
condition is sensed by comparator U902D and turns the 
DC to DC Converter on. 


1. As long as ac power is applied to the 3468A, 
the positive terminal (pin 7) of U902D is at a level 
larger than +2.5V. The voltage at U902D pin 7 
comes from one of the ac lines of T730 (P701 pin 
16), after the ac voltage is rectified by CR903 and 
divided down by divider R901 and R902. Under 
normal conditions, the voltage must be above 
+2.5V, since the negative terminal of U902D is at 
+2.5V. This makes the output of U902D high and 
prevents the DC to DC Converter from operating. 


2. When ac power is disconnected, the positive 
terminal of U902D goes to zero. The result is that 
the output of comparator U902D, which is con- 
nected to one input of Nor gate U903B, goes low. 


3. The other input of U903B is also low because 
the SR flip-flop (U903C and U903D) is set (U903D. 
pin 11 is low). The flip-flop is used to make sure 
the battery voltage is large enough for the DC to 
DC Converter to operate. The flip-flop is set by 
two different methods. The first method is a 
positive pulse which is generated from the battery 
voltage (which comes through the power switch 
and P701 pin 9). The pulse is developed through 
C904 and across R914 and is applied to one input 
of nor gate U903A, and also to the S (set) input of 
the flip-flop. In the second method, U902D (when 
the line voltage is high), will do the same as a 
positive pulse. Since the other input of U903A is 
also high, if the battery voltage is high enough, its 
output is low and the flip-flop is set. The RC time 
constant of C904 and R914 assures enough time 
for the power supply (from the DC to DC Con- 
verter) to stabilize the circuitry. 


4. With both inputs to U903B low, its output is 
high and resets (turns on) CMOS timer U905. 


5. The CMOS timer generates a rectangular 
waveform (at approximately 28KHz) which is in- 
verted by gate U904A (U904A is a Nor gate con- 
nected as an inverter). The frequency of the timer 
is determined by R915, R916, CR911, and C911. 


6. When the output of U904A is low, the out- 
puts of Nor gates U904B, C, and D (which are also 
connected as inverters) are high. The high turns on 


b. When the battery voltage is low (less than approx- 
imately +5,5V), the DC to DC Converter turns off. The 
operation is as follows: 





transistor Q905 which turns on transistor Q904. 
Current then flows from the battery into 
transformer T901. 


7. When the output of U904A is high, the out- 
puts of U904B, C, and D go low and turn Q904 
and Q905 off. This turns the current flow through 
T901 off. A high output of U904A also turns on 
Q903. This is used to turn Q904 off quicker. 


8. With Q904 on and current flow to T901 in- 
creasing, the magnetic field of T901 expands and 
voltage is induced into its secondary. With Q904 
off and current flow to T901 disabled, the 
magnetic field of T901 collapses and voltage of 
opposite polarity is induced into its secondary. 
These voltages are rectified by bridge rectifier 
CR912, CR913, CR914, and CR915 and also by 
bridge rectifier CR916, CR917, CR918, and 
CR919. The resultant dc voltages are the raw 
voltages for the 3468A’s power supplies. 


1. The battery voltage divided down by voltage 
divider R911 and R912 and applied to the positive 
terminal of comparator U902C. The terminal is 
normally above +2.5V and makes the output of 
U902C high. 


2. The negative terminal of U902C is at +2.5V. 
When the positive terminal goes below 2.5V (bat- 
tery voltage low), the output of U902C goes low. 
This in turn makes the output of Nor gate U903A. 
low. 


3. The flip-flop then changes state (output 
high) which generates a low output from Nor gate 
U903B (with pin 5 of U903B high and pin 6 low, 
the output is low). 


4. The low output of U903B turns the CMOS 
timer (U905) off. This in turn disables the DC to 
DC Converter. The 3468A then becomes in- 
operative (battery needs to be charged). 
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7-G-1. INTRODUCTION Diagram and Schematics. In addition, general 
schematics notes are also included to gain an under- 
7-G-2. This Service Group has the 3468A’s Block standing on how to use the schematics. 





GENERAL SCHEMATIC NOTES 


1. RESISTANCE IN OHMS, CAPACITANCE IN MICROFARADS, INDUCTANCE IN MICROHENRIES UNLESS OTHERWISE NOTED. 


2, ASTERISK DENOTES A FACTORY-SELECTED VALUE. VALUE SHOWN ON SCHEMATIC IS TYPICAL 


3. =a ENCLOSES FRONT PANEL MARKING. 





4 a ENCLOSES REAR PANEL MARKING. 

5. — -- ————._ - — ——— CIRCUIT ASSEMBLY BORDERLINE 

6 -------—---— OTHER ASSEMBLY BORDERLINE. ALSO USED TO INDICATE MECHANICAL INTERCON 

NECTIONS (GANGING). 

7 \918 DENOTES WIRE COLOR CODE. CODE USED IS SAME AS THE RESISTOR COLOR CODE. FIRST NUMBER IDEN- 
TIFIES THE BASE COLOR, SECOND NUMBER IDENTIFIES THE WIDER STRIPE, THIRD NUMBER IDENTIFIES 
THE NARROWER STRIPE. 
E.G.\ 918/ DENOTES WHITE BASE, BROWN WIDE STRIPE, GRAY NARROW STRIPE. 

8 v DENOTES GROUND ON PC ASSEMBLIES 








Figure 7-G-1. General Schematic Notes 
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Figure 7-G-2. 3468A Block Diagram 
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Figure 7-G-3. Input Circuitry and Ohms Current Source 
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Figure 7-G-4. AC to DC Converter 
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Figure 7-G-5. A/D Converter and Control Logic 
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Appendix A 


A-1. introduction 


A-2, Hewlett-Packard Interface Loop (HP-IL) is a two 
wire interface that permits communication from one 
device or instrument to another. As the name implies, 
devices are connected in a serial loop structure. Data or 
information, in the form of digital messages, travels 
from one device to the next around the loop. The 
following discussion is controller independent but, 
where appropriate, is dependent on the 3468A. 


A-3. General HP-IL Description 


A-4. The interface loop consists of a calculator/con- 
troller and up to 30 peripheral devices such as the 
3468A, printer/plotters, etc. Maximum cable length 
from one device to the next should not exceed 10 meters 
to maintain noise immunity. Information is transferred 
from one device to the next around the loop. If the in- 
formation is not intended for a particular device (see 
paragraph on addressing), the device merely passes the 
information on to the next device in the loop. When the 
information reaches the intended device, the device 
responds as directed by the information. In this way, the 
calculator/controller can send information to and 
receive information from selected devices in the loop ac- 
cording to the devices capabilities. 


A-5. Functional Overview 


A-6. Each device in the loop may possess one or more 
of the three basic device capabilities: Controller, Talker, 
or Listener. The controller, as the name implies, has the 
responsibility to control loop activity. The -hp- Model 
41C/41CV handheld calculator and the -hp- Model 85 
desktop computer are examples of devices which can be 
used as controllers. They must, of course, be equipped 
with the proper interface module. Controllers transmit 
all commands to other devices in the loop and have 
Talker and Listener capabilities. The 3468A cannot 
serve as a controller. Only one device in the loop may 
serve as a controller. 


A-7. Talkers are devices that have the ability to send 
data or information (but not commands) through the 
loop. Note that a talker will not actually send its data or 
information until told to do so by the controller. The 
3468A has Talker capabilities. When the 3468A is talk- 
ing on the loop its TLK annunciator will turn on. In 
special situations, one device may be classified as a 
Talk-only device and sends information to Listen-only 
devices. Such a system would not have a controller. For 


example, the 3468A can be configured for Talk-only 
mode and send measurement results to a printer. 


A-8. Listeners are devices with the capability to receive 
information over the loop. When the 3468A is ‘“‘listen- 
ing’’, its LSTN annunciator turns on. Listeners must re- 
main inactive until instructed by the controller to receive 
the information. 


A-9. Addressing 


A-10. Each device in the loop is assigned an address by 
the controller. The assigned address will probably be 
different than the factory preset address. The 3468A, 
for example, has a preset address of 22. If the 3468A is 
the only device in the loop with the controller, the con- 
troller will assign it an address of ‘‘1’’, The address per- 
mits the controller to specify or select a particular device 
in the loop when sending commands. Addresses are 
assigned to devices sequentially around the loop in the 
direction of information flow. The first device after the 
controller is assigned an address of ‘‘1’’. The second 
device is assigned the address ‘‘2’’, and so on around the 
loop. 


A-11. HP-IL System Terms 


A-12. The following paragraphs define the terms and 
concepts used to describe HP-IL system operations. 


a. Address: Each device in the loop is assigned an 
address by the controller. The address is used to specify 
which device in the loop will receive information or send 
information. 


b. Byte: A byte is a unit of information consisting of 
8 binary digits called bits. 


c. Device: Any instrument or unit that is HP-IL 
compatible is called a device. 


d. Device Dependent: An action a device performs 
in response to information sent through the loop. The 
action is characteristic of a particular instrument and 
will probably vary from device to device. 


e. Frame: Messages are sent through the loop as a se- 
quence of eleven bits called a message ‘‘frame’’. 


f. Polling: Polling is a process typically used by a 
controller to locate a device that has requested service 


A-l 


Appendix 


from the controller. There are two types of polling, 
Serial Poll and Parallel Poll: 


1, Serial Poll. When the controller executes a 
serial poll, the addressed device sends one byte of 
operational information called a status byte. If 
more than one device in the loop is capable of re- 
questing service, each device in the loop must be 
serial polled until the device that requested service 
is located. 


2. Parallel Poll. This method obtains a status 
bit from eight devices in the loop. The 3468A does 
not respond to a parallel poll. 


A-13, Messages 


A-14, Every message sent through the loop is sent as a 
sequence of eleven bits called a message frame. Com- 
mands, such as Listen, are made up of one or more 
message frames. The first bit in each message frame is a 
sync bit and is specially coded so that each device can 
recognize the beginning of a frame. The sync bit and the 
two following bits are called control bits and are used to 
determine the classification of the message frame. There 
are three major classifications of frames: Command, 
Ready, and Data. The remaining eight bits are the data 
bits and specify the particular message within the 
classification. 


A-15. Normally only one message is in transit around 
the loop at any given time. In general, when a device 
sources a message it waits until the message goes com- 
pletely around the loop and returns before transmitting 
the next message. This is part of a process called loop 
handshaking and guarantees that talkers and controllers 
do not send messages faster than other devices can ac- 
cept them. It also provides an excellent error-checking 
capability. Each message must pass through each 


3468A 


device. When a device receives a message, it does not 
pass it on to the next device until it is ready to receive the 
next message. Consequently, when the message returns 
to the sourcing device, it knows for certain that all 
devices in the loop have received the message and are 
ready for the next. 


A-16. 3468A Loop Capabilities 


A-17. The following table lists the HP-IL functional 
subsets that the 3468A responds to and uses. 


R The 3468A handshakes as a receiver 

D Handshakes as a driver to the next device 

AH Handshakes as an acceptor 

SH1 Handshakes as a source 

TF; 

3,5,6 Basic Talker, Send Status, Send Device ID, Talk 


Only, and unaddressed as a Talker when ad- 
dressed to Listen 


TEO No extended Talker capability 

11,3 Basic Listener and unaddressed to Listen when 
addressed to Talk 

LEO No extended Listener capability 

co The 3468A cannot serve as a controller 

AAI Can be autoaddressed by the controller 

AEO No extended addressing capability 

AMO No multiple addressing capability 

Dc2 The 3468A responds to a Device Clear and 
Selected Device Clear 

oT1 The 3468A responds to a Device Trigger 

RL2 Basic Remote, Local, and Local Lockout 
capability 

SR2 Basic Service Request and Asyn¢hronous Ser. 
vice Request capability 

PPO The 3468A does not respond to a parallel Poll 

ms1 The 3468A does have a manual Service Re 
quest 

PDO The 3468A does not have a power-down 
capability 

opo The 3468A does not implement device depen- 


dent Talker or Listener commands 

















Product Line Sales’ Support Key 


Key Product Line 
‘A Analytical 
CM Components 
© Computer Systems Sales only 
CH Computer Systems Hardware Sales & Services 
CS Computer Systems Software Sales & Services 
E Electronic Instruments & Measurement Systems 
M Medical Products 
MP Medical Products Primary SRO 
MS Medical Products Secondary $RO 
P-Personal Computing Products 
* Sales only for specific product line 

Support only for specific product line 





IMPORTANT: These symbols designate general product line capability. They do not 
insure sales or support availablity forall products within a ling, at all locations. 
Contact your local sales office for information regarding locations where HP 
support is available for specific products. 








HP distributors are printed in italics. 
ANGOLA Melbourne, Victoria Office 
Telectra Hewlett-Packard Australia Pty.Ltd, 


Empresa Técnica de Equipamentos 
Eibcticas, SARL. 


31-41 Joseph Street 
BLACKBURN, Victoria 3130 


A. Barbosa Rodrigues, 41-1 DT. Tel: 89-6351 

Caixa Postal 6487 Telex: 31-024 

‘WANDA Cable: HEWPARD Melbourne 
Tel: 355 18,955 16 ACHCM.CS.E.MSP 

EMP 

ARGENTINA 





Hewlett-Packard Australia Ply.Lto. 
141 Stiring Highway 

NEDLANDS, W.A. 6009 

(effective 28 Sept. 1981 


Hewlett-Packard Argentina S.A 
Avenida Santa Fe 2035 
Martinez 1640 BUENOS AIRES 
Tol: 798-5735, 792-1293 


261 String Highway 
Telex: 122443 AR CIGY CLAREMONT, WA 8510) 
Cable: HEWPACKARG 
AE,CHCS,P ee 
Blotron SA.CLy.M Cable: HEWPARO Perth 
Av Paseo Colon 221, 9 Piso ‘ACH,CM,EMSP 
1399 BUENOS AIRES eee Te 
Tel: 30-4846, 30-1851, 30-8384 Sydney, New South Wales 
Telex: 17595 BION/AR Oftice 
M Hewlett-Packard Australia Pty.Lid. 
Fate S.A. LC.1/Electronica Sees eee ost 
Venezuela 1326 FO: Bexe0d 
1095 BUENOS AIRES vores ea ang 
Tet: 379026, 379027 acer 
Tol: 18187, Z2754 ALVAR A TSN Ee hae Sycney 
A,CH.CM.CS.EMS,P 
AUSTRALIA AUSTRIA 
Adelaide, South Australia Hewlett-Packard Ges.m.b.n 
Office Grottenhotstrasse 94 
Hewlett-Packard Australia Pty.Ltd. Verkautsburo Graz 
153 Greenhill Road ‘A-8052 GRAZ 
PARKSIDE, S.A. 5063 Tek: 21-5-66 
Tek: 272-5911 Telex: 32375 
Telex: 82536 CHCMES 
Cable: HEWPARO Adelaide h 
‘A*,CH,CM,,E.MS,P- ester ene 
P.0. Box 7 
‘A-1205 VIENNA 


Hewlett-Packard Australia Pty..ic. Tek: (222) 35-16-210 


Sth Floor Telex: 135823/135066 

Teachers Union Building A.CH,CM.CS,EMS.P 

495-499 Boundary Street 

‘SPRING HILL, Queensland 4000 BAHRAIN 

Tel: 229-1544 Green Salon 

Telex: 42133 P.0. Box 557 

Cable: HEWPARD Brisbane BAKA 

A,CH,CM,EMS,P Tet: 25503-250950 
Telex: 84419 


Canberra, Australia Capital p 


Territory Office Pharmacy 
Hewlett-Packard Australia Pty.Ltd. pope 648 

121 Wollongong Street BAHRAIN 

FYSHWICK, A.C.T. 2609 Tel: 256123 

Tel: 80 4244 Telex: 62650 ioe 

Cable: HEWPARD Canberra eee iad 


ASCH.CME.MS,P. 


SALES & SUPPORT OFFICES 


BELGIUM 

Hewiett-Packaro Belgum S.AJN.V. 
Blvd de la Woluwe, 100 
Woluwedai 

B-1200 BRUSSELS 

Tek (02) 762-32-00 

Telex: 23-494 paloben bru 
A.CHCM.CS,E.MP,P 


BRAZIL 

Hewlett-Packard do Brasil |.e.C. 
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Tek 421-1311 
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New Brunswick 
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Hewlett-Packard France 
4 Rue Thomas Mann 
Boite Postale 56 
F-67200 STRASBOURG 
Tel: (88) 28-56-46 

Telex: 89014 1F 
CHCMEMSP* 
Hewlett-Packard France 
20 Chemin de la Cépiere 
F-31081 TOULOUSE Cédex 
Tel: (61) 40-11-12 

Telex: 531639 
‘A.CH,CM,CS.E,P* 
Hewielt Packard France 
Bureau de Vente de Lille 
immeuble Péricentre 

ue Van Gogh 

F-59650 VILLENEUVE D'ASO 
Tek: (20) 91-81-25 

Telex: 160124F 
CH.CMEMS,P* 


GERMAN FEDERAL 
REPUBLIC 
Hewiett-Packard GmbH 
Technisches Buro Bein 
Keithstrasse 2-4 

0-100 BERLIN 30 

Tet: (030) 24-90-86 

Telex: 018 3405 hpbin d 
A.CHCMEMP.X 
Hewlett-Packard GmbH 
Technisches Buro Babingen 
Herrenberger Strasse 110 
-7030 BOBLINGEN 

Tel: (07031) 667-1 

Telex: 07265739 bon or 07265743 
‘A.CH,CM.CS,EMP.P 
Hewiett-Packard GmbH 
Technisches BUro Dusseidort 
Emanuel-Leutze-Strasse 1 
10-4000 DUSSELDORF 

Tel: (0211) 5971-1 

Telex: 085/86 533 hpdd d 
A.CH,CM.CS,E.MS.P 
Hewlett-Packard GmbH 
Vertiebszentrale Frankfurt 
Berner Strasse 117 
Postfach 560 140 

10-6000 FRANKFURT 56 

Tel: (0611) 50-04-1 

Telex: 04 13249 hpftm a 
A.CH,CM,CS,E,MP,P 
Hewiett-Packard GmbH 
Technisches BUro Hamburg 
Kapstadiring 5 

10-2000 HAMBURG 60 

Tek: (040) 6804-1 

Telex: 21 63 032 hphh d 
‘ACH.CM.CS.E.MS.P 
Hewlett-Packard GmbH 
Technisches BUro Hannover 
‘Am Grossmarkt 6 

10-3000 HANNOVER 91 

Tet: (0511) 46-60-01 

Telex: 092 3259 
A,CH.CM.EMS.P 





Hewiett-Packard Gmb# 
Technisches BUro Mannheim 
Rosslauer Weg 2-4 

10-6800 MANNHEIM 

Tel: (621) 70050 

Telex: 0462105 

ACE 

Hewlett-Packard GmbH 
Technisches BUro Neu im: 
Messerschmitistrasse 7 
0-79 10 NEU ULM 

Tet: 0731-70241 

Telex: 712816 HP ULM-D 
ACES 

Hewlett-Packard GmbH 
Technisches Buro Numberg 
Neumeyerstrasse 90 
10-8500 NURNBERG 

Tel: (0911) 56-30-83 

Telex: 0623 860 
CH.CM.EMS.P 
Hewlett-Packard GmbH 
Technisches BUro Munchen 
Eschenstrasse 5 

0-8021 TAUFKIRCHEN 

Tek (089) 6117-1 

Telex: 0524985 
A,CH,CM.E.MS,P- 


GREAT BRITAIN 
Hewiett-Packard Lid, 
Trafalgar House 
Navigation Road 
ALTRINCHAM 

Chesire WA14 1NU 
Tek: (061) 928-6422 
Telex: 668068 
A.CHCS.EM 
Hewlett-Packard Lid 
Oakfield House, Oakfield Grove 
Citton 

BRISTOL BSB 2BN 

Tet: 36806 

Telex: 444302 
CHCMMP 
Hewlett-Packard Lid. 
14 Wesley Street 
‘CASTLEFORD 
Yorkshite WF10 1AE 
Tek: (0977) 550016 
Telex: 5557355 

cH 

Hewlett-Packard Lid 
Fourier House 
257-263 High Street 
LONDON COLNEY 
Herts., AL2 THA 

Tet: (0727) 24400 
Telex: 1-89527 16 
CHOSE 
Hewiett-Packard Lig 
Tradax House, St. Mary's Walk 
MAIDENHEAD 
Berkshire, SL6 1ST 
Tet: (0628) 39151 
CHCS.EP 
Hewlett-Packard Lid 
308/314 Kings Road 
READING, Berkshire 
Tet: 61022 

Telex: 84-80-68 

oMP 

Hewielt Packard Lid 
Quadrangle 

106-118 Station Roac 
REDHILL, Surrey 

Tet: (0737) 68655 
Telex: 947234 CH,CS, 


Hewlett-Packard Lia 
Westminster House 
190 Stratford Road 
SHIRLEY, Solu 

West Midlands B90 38) 
Tek: (021) 7458800 
Telex: 339105 

cH 

Hewiett Packard Ltd 
king Street Lane 
\WINNERSH, Wokingham 
Berkshire RG11 SAR 
Tet: (0734) 784774 
Telex: 847178 
ACSEM 


GREECE 

Kostas Karaynnis S.A 

8 Omirou Street 

ATHENS 133, 

Tel: 32-30-3083, 32-37-371 
Telex: 21 59 62 RKAR GR 
A,CH,CM,CS,EMP 
PLAISIO S.A 

G. Gerardos 

24 Stournara Street 
ATHENS 

Tel: 36-11-160 

Telex: 21 9492 

P 


GUATEMALA 

IPESA 

Avenida Reforma 3-48 
GUATEMALA 9 

Tel: 316627, 314786 
Telex: 4192 TELETRO GU 
A,CH,CM,CS,E,M,P 


HONG KONG 
Hewiett-Packard Hong Kong, Lid 
GP.0. Box 795 

Sth Floor, Sun Hung Kai Centre 
30 Harbour Road 

HONG KONG 

Tel: 5-8323211 

Telex: 66678 HEWPA HX 

Cable: HP ASIA LTD Hong Kong 
E,CHCSP 

Schmidt & Co. (Hong Kong) Lia. 
Wing On Centre, 28th Floor 
Connaught Road, C. 

HONG KONG 

Tel: 5-455644 

Telex: 74766 SCHMX Hx 

AM 


ICELAND 

king Trading Company inc. 
Hainamvol-Tryggvagotu 
P.0. Box 895 

|IS-REYKIAVIK 

Tel: 1-58-20, 1-63-03 

M 


INDIA 

Blue Star Lid. 

11 Magarath Road 
‘BANGALORE 560 025 
Tel: 55668 

Telex: 0845-430 
Cable: BLUESTAR 
A,CHOM,CS.E 
Blue Star Lid. 
Band Box House 
Prabhadevi 
BOMBAY 400 025 
Tet 422-3101 
Telex: 011-3751 
Cable: BLUESTAR 
AM 


Blue Star Lid. 
Sahas 

41472 Vit Savarkar Marg 
Prabhadevi 

BOMBAY 400 025 

Tel: 422-6155 

Telex: 011-4093 

Cable: FROSTBLUE 
A,CH.CM,CS,EM 


Ble Siar Ltd 

Kalyan, 19 Vishwas Colony 
‘Akkapur, BORODA, 390 005 
Tel: 65235 

Cable: BLUE STAR 

A 

Bue Star Lid. 

7 Hare Street 

CALCUTTA 700 001 

Tel: 12-01-31 

Telex: 021-7655 

Cable: BLUESTAR 

AM 

Blue Star Lid. 

133 Kodambakkam Hign Road 
MADRAS 600 034 

Tet: 82057 

Telex: 041-379 

Cable: BLUESTAR 

AM 

Blue Star Lid. 

Bhandari House, 7thv8th Floors 
91 Nehru Place 

NEW DELM 110 024 

Tel: 682547 

Telex: 031-2463 

Cable: BLUESTAR 
A,CH.CM,CS,EM 

Blue Star Lid. 

15/161C Wellesley RO. 
PUNE 411 011 

Tel: 2275 

Cable: BLUE STAR 

A 

‘Blue Star Lid. 

1-1-117/1 Sargin Dew Road 
SECUNDERABAD 500 033 





TRIVANDRUM 695 013 
Tel: 65799 

Telex: 0884-259 
Cable: BLUESTAR 

E 


INDONESIA 

BERCA Indonesia P.T. 
P.0.Box 496/JKT. 

Jl Abdul Muis 62 
JAKARTA 

Tel: 373009 

Telex: 46748 BERSAL 1A 
Cable: BERSAL JAKARTA 
P 

BERCA Indonesia P.T. 
Wisma Anlara Bldg., 17th floor 
JAKARTA 

ACS.EM 

BERCA Indonesia P.T. 
P.O. Box 174/SBY. 

Jt Kutei No. 11 
‘SURABAYA 

Tel: 68172 

Telex: 31146 BERSAL $6 
Cable: BERSAL-SURABAYA 
ATEMP. 





| 
| 
{ 








IRAQ 
Hewlelt-Packara Trading S.A 
Mansoor City 98/3/7 
BAGHDAD 

Tel, 551-49-73 

Telex: 2455 HEPAIRAQ IK 
cues 


IRELAND 
Hewlett-Packard ireland Lid 
Kestrel! House 
Clanwilliam Court 
Lower Mount Street 
DUBLIN 2, Eire 

Tet: 680424, 680426 
Telex: 30439 
ACHCMCS.E.MP 
Cardiac Services Lia. 
Kilmore Road 

Artane 

DUBLIN 5, Eire 

Tel: (01) 351820 
Telex: 30439 

M 


ISRAEL 

Electronics Engineering Division 
Motorola israel Ld. 

16 Kremenetski Street 

P.0. Box 25016 

TEL-AVIV 67899 

Tel: 3-398973 

Telex: 33569 Mot Ik 

Cable: BASTEL Tel-Aviv 
A,CHCM,CS,EM,P 


ITALY 
Hewlett-Packard Waliana S.p.A 
Traversa 996 

Giulio Petrone, 19 

1-70124 BARI 

Tel: (080) 41-07-44 

M 

Hewlett-Packard Italiana S.p.A. 
Via Martin Luther King, 38/111 
1-40132 BOLOGNA 

Tel: (051) 402394 

Telex: 511630 

CH.CM,EMS 

Hewielt-Packard italiana S.p.A 
Via Principe Nicola 43@/C 
1-95 126 CATANIA 

Tel: (095) 37-10-87 

Telex: 970291 CP 
Hewielt-Packard Italiana $.p.A 
Via G. Di Vittorio 9 

|-20063 CERNUSCO SUL NAVLIGLIO 
Tel: (2) 903691 

Telex: 334632 
A,CH,CM,CS,6,MP,P 
Hewlett-Packard Italiana S.p.A 
Via Nuova san Rocco A 
Capodimonte, 62/A 

1-80131 NAPOLI 

Tel: (081) 7413544 
A.CHCME 

Hewietl-Packard italiana S.p.A 
Viale G. Modugno 33 

1-16 156 GENOVA PEGLI 

Tet: (010) 68-37-07 E,C 
Hewiell-Packard ltaiana S.p.A. 
Via Turazza 14 

4-35 100 PADOVA 

Tel: (49) 664888, 

Telex: 430315. 
A.CH,CM,E.MS 
Hewlett-Packard italiana S.p. 
Viale C. Pavese 340 

|-00144 ROMA 

Tel: (06) 54831 

Telex: 610514 
A.CH,CM.CS,E.MS,P° 


Hewlett-Packard Hlalana S.p.A 
Corso Giovanni Lanza 94 
110133 TORINO 

Tek: (011) 682245, 659308 
Telex: 221079 

CHOME 


JAPAN 
Yokogawa-Hewielt-Packara Lid. 
Inoue Building 

1-1348-3, Asahi-cho 

ATSUGI, Kanagawa 243 

Tel: (0462) 24-0451 

MCE 
Yokogawa-Hewlett-Packard Lia 
Sannomiya-Daichi Seimei-Bldg. 5F 
69 Kyo-machi Chuo-ku 

KOBE 650 

Tel: (078) 392-4791 

ce 

Yokogawa-Hewlett-Packard Lid. 
Kumagaya Asahi Yasoji Bldg 4F 
3-4 Chome Tsukuba 
KUMAGAYA, Saitama 360 

Tet: (0485) 24-6563 

HOME 
Yokogawa-Hewielt-Packara Lid 
Mito Mitsui Building 

1-4-73, San-no-maru 

MITO, Ibaragi 310 

Tek: (0292) 25-7470 

HOME 
Yokogawa-Hewlett-Packard Lid. 
Sumitomo Seimei Nagoya Bldg, 
11-2 Shimo-sasajma-cho 
Nakamura-ku 

NAGOYA, Aichi 450 

Tet: (052) 571-5171 
CH.CM.CS,,MS 
Yokogawa-Hewlett-Packard Lid. 
Chuo Bidg., 4th Floor 

5-4-20 Nishinakajima, 5-chome 
Yodogawa-ku 

OSAKA, 532 

Tet: (06) 304-6021 

Telex: YHPOSA 523-3624 
‘A.CH,CM.CS,E.MP,P* 
Yokogawa-Hewiett-Packard Lid 
3-29-21 Takaido-Higashi 3-chome 
‘Suginami-ku 

TOKYO 168 

Tel: (03) 331-6111 

Telex: 232-2024 YHPTOK 
‘A.CH,CM,CS,E.MP,P* 
Yokogawa-Hewiett Packard Lid 
3-30-4 Tsuruya-cho 
Kanagawa-ku, 

YOKOHAMA Kanagawa, 221 

Tel: (045) 312-1252 

CHOME 


JORDAN 

Mouasher Cousins Company 
P.O. Box 1387 

AMMAN 

Tel: 24907, 39907 

Telex: 21456 SABCO JO 
CHEMP 








KENYA 

ADCOM Lid, inc: 

City House, Wabera Street 
P.0.Box 30635 

‘NAIROBI 

Tel: 331955 

Telex: 22639 

EM 


KOREA 

‘Samsung Electronics 
Industrial Products Div. 
76-561 Yeoksam-Dong 
‘KangnanKu 

P.O. Box 2775 

SEOUL 

Tel: 555-7555, 555-5447 
Telex: K27364 SAMSAN 
A,CHCM.CS,EMP 


KUWAIT 
‘AtKhalidya Trading & Contracting 
.0. Box 830 Safat 
KUWAIT 

Tel: 42-4910, 41-1726 
Telex: 2481 Areeg kt 
CHEM 

Photo & Cine Equipment 
P.0. Box 270 Satat 
KUWAIT 

Tel: 42-2846, 42-3601 
Telex: 2247 Matin 

P 


LEBANON 
GM. Domadiian 
Achvatien 

P.0. Box 165.167 
BEIRUT 

Tel: 290293 

Me 


LUXEMBOURG 
Hewlett-Packard Beigum S.A/N.V. 
Bivd de la Woluwe, 100 
Woluwedal 

8-120 russes 

Tek: (02) 762-32-00 

Telex: 23-494 paloben bru 
A,CH,CM,CS,E,MP,.P 


MALAYSIA 
Hewlett-Packard Sales (Malaysia) 
‘Sdn. Bhd, 

Suite 2.21/2.22 
Bangunan Angkasa Raya 
alan Ampang 

KUALA LUMPUR 

Tet: 483544 

Telex: MA31011 
A.CHEMP* 

Prote! Engineering 

Lot 319, Satok Road 
P.0.Box 1917 

‘Kuching, SARAWAK 

Tet 53544 

Telex: MA 70904 PROMAL 
Cable: PROTELENG 

AEM 


MALTA 

Philip Toledo Lid. 
Natabile Rd. 
MRIEHEL 

Tek 447 47, 455 66 
Telex: MW.649 

P 


MEXICO 
Hewlett-Packard Mexicana, S.A. de 
CY. 

Avenida Perierico Sur No. 6501 
Tepepan, Xochimilco 

‘MEXICO CITY 23, DF. 

Tel: (905) 676-4600 

Telex: 017-74-507 
A.CH.CS.EMSP 

Hewletl-Packard Mexicana, S.A de 
cv. 

Rio Volga 600 

Colonia del Vale 

MONTERREY, N.L. 

Tet: 78-42-93, 78-42-40, 78-42-41 
Telex: 038-410 

cH 


MOROCCO 
Dolbeau 

81 rye Karatchi 
CASABLANCA 

Tel: 304 1-82, 3068.38 
Telex: 28081, 22822 
E 

Gerep 

21ue o'Agadir 

Bolle Postale 156 
CASABLANCA 

Tel: 272093, 272095 
Telex: 23 739 

Pp 


NETHERLANDS 
Hewlett-Packard Nederland 8.. 
Van Heuven Goedhartlaan 121 
NL 118 1KK AMSTELVEEN 

P.0. Box 667 

NL1080 AR AMSTELVEEN 

Tet: (20) 47-20-21 

Telex: 13 216 
A.CHCM.CS,E,MP,P- 
Hewiett-Packard Nederland B.V. 
Bongerd 2 

NL 2906VK CAPPELLE, A/D jesse! 
P.O. Box 41 

NL2900 AA CAPELLE, Issel 

Tel: (10) 51-64-44 

Telex: 21261 HEPAC NL 
A,CH,CM,CS 

Koning en Hartman Electrotechrick 
BV. 

Koperwert 30 

2544 En den Haag 

The NETHERLANDS 

Tel: 070-210101 

Telex: 31528 

cM 





NEW ZEALAND 
Hewiett-Packard (N.2.) Lid. 
169 Manukau Road 

P.O. Box 26-189 

Epsom, AUCKLAND 

Tel: 687-159 





Hewiett-Packard (N.Z.) Ltd 
4-12 Cruickshank Street 
Kilbirnie, WELLINGTON 3 

P.O. Box 9443 

Courtenay Place, WELLINGTON 
Tel: 877-199 

Cable: HEWPACK Wellington 
CH.CM.E,P 

Northrop Instruments & Systems 
Ltd. 


369 Khyber Pass Road 
.0. Box 8602 
AUCKLAND 

Tel: 794-091 

Telex: 60605 

AM 


Ls 
a 


Norttvop instruments & Systems 
Lid. 

110 Mandeville St. 

P.O, Box 8388 

‘CHRISTCHURCH 

Tel: 486-928 

Telex: 4203 

AM 

Northrop Instruments & Systems 
Lid, 

Sturdee House 

85-87 Ghuznee Street 

P.O. Box 2406 

WELLINGTON 

Tet; 850-091 

Telex: NZ 3380 

AM 


NORTHERN IRELAND 
Cardiac Services Company 
‘954 Finaghy Road South 
BELFAST BT 10 OBY 

Tet: (0232) 625-566 

Telex: 747626 

M 


NORWAY 
Hewiett-Packard Norge A/S 
Folke Bemadottesvel 50 
P.0, Box 3558 

'N-5033 FYLLINGSDALEN (BERGEN) 
Tel: (05) 16-55-40 

Telex: 16621 hpnas n 
CHCME 

Hewielt-Packard Norge A/S 
Oesterndalen 18 

P.O. Box 34 

N- 1945 OESTERAAS 

Tel: (02) 17-11-80 

Telex: 16621 hpnas n 
A*.CH.CM.EMS,P 


OMAN 

Khimjl Ramdas 

P.0. Box 19 

‘MUSCAT 

Tel: 72-22-17, 72-22-25 

Telex: 3289 BROKER MB MUSCAT 
P 


PAKISTAN 

Mushko & Company Lia, 
10, Bazar Road 

Sector 6-6/4 

ISLAMABAD 

Tet 26875 

Cable: FEMUS Rawalpind 
AEM 

Mushko & Company Lid. 
Oosman Chambers 
Abdullah Haroon Road 
KARACHI 0302 

Tel: 511027, 512927 
Telex: 2894 MUSKO PK 
Cable: COOPERATOR Karachi 
AEMP* 


PANAMA 

Electrénico Balboa, S.A. 
Calle Samuel Lewis 
Apartado 4929 

Panama 5 

Edilicio “Alfa” No. 2 
CIUDAD DE PANAMA 

Tel: 64-2700 

Telex: 0383 ELECTRON PG 
ACM.EM,P 


[+] 
al 





SALES & SUPPORT OFFICES 


Arranged alphabetically by country 





PANAMA (Con’t.) QATAR 
Foto Internacional, S.A. Nasser Trading & Contracting 
Free Zone Colon P.O. Box 1563 
Apartado 2068 ‘DOHA 
couow 3 Tet 22170 
Tel; 45-2333 Telex: 4439 NASSER 
Telex: 379 8626, 386 8722 M 
Pp Computearabia 
P.O. Box 257( 
PERU ou 
Cla Electro Médica S.A Tel: 329515 
Los Flamencos 145, San isiro fe 
» Telex: 4806 
Casila 1030 Pp ee 
UMA Tt 
Tel: 41-4325, 41-3708 ROMANIA 
Telex: Pub. Booth 25306 Hewlett-Packard Reprezemanta 
ACM EMP Boulevard Nicolae Balcescu 16 
BUCURESTI 
PHILIPPINES Tel. 130725 
The Online Advanced Systems Telex: 10440 
Corporation 
Rico House, Amorsolo Cor. Herrera’ ~SAUDI ARABIA 
Street Moder Electronic Estabkstment 
Legaspi Vilage, Makati P.O. Box 193 
P.O, Box 1510 ALKHOBAR 
Metro MANILA Tel: 44-678, 44-813 
Tel: 8535-81, 85-34-91, 8532-21 Telex: 670196 
Telex: 3274 ONLINE Cable: ELECTA AL-KHOBAR 
A\CHCS,EM CHCS.EM,P 
Seer Specie and Modern Electronic Establishment 
anents P.O. Box 1228, ish Street 
{690-8 Epifanio de los Santos JEDDAH _—s 
Avenue Tel: 27-798 
Cubao, QUEZON CITY Telex: 401035 
P.O, Box 2649 Manila Cable: ELECTA JEDDAH 
Tet: 98-96-81, 98-96-82, 98-96-83 CHCSEMP 
Telex: 40018, 42000 ITT GLOBE 
MACKAY BOOTH nee 
P RIYADH 
POLAND Tee 202000 
Buro informasii Techruczne) 2 
Hewlett-Packard CHCS.EMP 
UI Stawki 2, 6P 
SCOTLAND 
LOO. B60 WARSZAWA Hewlett-Packard Lid. 
Tet: 39-59-62, 39-67-43 Royal Bank Buings 
Telex: 812453 hepa pl Swan Street 
BRECHIN, Angus, Scotland 
PORTUGAL Tek: 3101, 3102 
SOQUIMICA CH.CM 
Av. da Libedade 220-2 ‘ 
P-1298 LISBOA Codex Hewlett-Packard Lid. 
Tel: 56 21 81, 56 21 62 ‘SOUTH QUEENSFERRY 
Telex: 13316 West Lothian, EH30 9GT 
Telecira-Empresa Técnica de ee 
Equiomentos Elécticos $a.) om 
Rua Rodrigo da Fonseca 103 
P.O. Box 2631 AGROUOREM 
rn rr ines ‘SINGAPORE 
Telex: 12598 Hewlett-Packard Singapore (Pty.) 
CHCSEP ee 
108. P.0. Box 58 Alexandra Post Ofice 
Mundinter SINGAPORE, 9115 
‘nlercambio Mundial de Comércio th Floor, Inchcape House 
Sash 450-452 Alexandra Road 
P.0, Box 2761 SINGAPORE 0511 
Avenida Antonio Augusto de Aguas Tel. 631788 
138 Telex: HPSGSO RS 34209 
P-USBON Cable: HEWPACK, Singapore 
Tet: (19) 58-21-31, 53-21-37 A.CH.CS,EMS,P 
Telex: 16691 munter p 
M SOUTH AFRICA 
Hewlett-Packard South Africa (Pty) 
PUERTO RICO Ud. 
Hewlett-Packard Puerto Rico P.O. Box 120 
P.0. Box 4407 Howard Place 
‘CAROLINA, Puerto Rico 00630 Pine Park Center, Forest Drive, 
Calle 272 Edificio 203 Pinelands 
Urb. Country Club ‘CAPE PROVINCE 7450 
RIO PIEDRAS, Puerto Rico 00924 Tel: 53-7955, 53-7956, 53-7957 
Tel: (809) 762-7255 Telex: 57-0006 
Telex: 345 0514 A.CH,CM.EMS,P 


ACHCS 


Hewlett-Packard Soutn Atnica (Pty.) 
Ld. 

P.0. Box 37099 

Overport 

DURBAN 4067 

Tel: 28-4178, 28-4179, 28-4110 
CHM 

Hewlett-Packard South Alica (Pty.) 
Ud. 

P.O. Box 33345 

Glenstantia 0010 TRANSVAAL 

1st Floor East 

Constantia Park Ridge Shopping 
Centre 

Constantia Park 

PRETORIA 

Tel: 01298-1126 

Telex: 32163, 

CHE 

Hewlett-Packard Sout Africa (Pty.) 
Ud. 

Private Bag Wendywood 

SANDTON 2144 

Tel: 802-5111, 802-5125 

Telex: 89-84782 

Cable: HEWPACK Johannesburg 
A.CH,CM,CS,EMS,P 


‘SPAIN 

Hewlett-Packard Espafiola S.A 
cfEntenza, 321 

E-BARCELONA 29 

Tek: (3) 22-24-51, 321-73-54 
Telex: 52603 hobee 
A.CH,CM.CS.EMS,P 
Hewlett-Packard Espafiola S.A. 
c/San Vicente S/N 

Edificio Abia 1,7 8 

E-BILBAO 1 

Tet: (944) 423-8306, 423-8206 
A.CHCMEMS 
Hewlett-Packard Espafiola S.A. 
Calle Jerez 3 

E-MADRIO 16 

Tel: 458-2600 

Telex: 23515 hpe 

ACME 

Hewlett-Packard Espafiola S.A. 
fo Costa Brava 13 

Colonia Mirasierra 

E-MADRID 34 

Tel: 734-8061, 734-1162 
CHCSM 

Hewlett-Packard Espafiola S.A 
‘Av Ramén y Cajal 1-9 

Edificio Sevila 1, 

E-SEVILLA 5 

Tel: 64-44-54, 64-44-58 
Telex: 72933 

A.CM.CSMS,P 
Hewlett-Packard Espafiola S.A 
‘C/Ramon Gordillo, 1 (Entlo.3) 
E-VALENCIA 10 

Tel: 361-1354, 361-1358 
CHOMP 


SWEDEN 

Hewielt-Packard Svenge AB 

Enighetsvagen 3, Fack 

P.O. Box 20502 

‘S-16120 BROMMA 

Tek: (08) 730-0550 

Telex: (854) 10721 MESSAGES 

Cable: MEASUREMENTS 
‘STOCKHOLM 

A.CH.CM.CSE.MS.P 


Hewlett Packaro Svenge AB 
Sunnanvagen 14K 

$-22226 LUND 

Tel: (46) 13-69-79 

Telex: (854) 10721 (via BROMMA 
office) 

CHM 

Hewiett-Packard Sverige AB 
Vastra Vinlergatan 9 

$-70344 OREBRO 

Tet: (19) 10-48-80 

Telex: (854) 10721 (via BROMMA 
office) 

CHM 

Hewiett Packard Sverige AB 
Frotalisgatan 30 

$-42 132 VASTRA-FROLUNDA 

Tet: (031) 49-09-50 

Telex: (854) 10721 (via BROMMA 
office) 

CHOMEP 


SWITZERLAND 
Hewiett-Packard (Schweiz) AG 
Clarastrasse 12 

CH-4058 BASLE 

Tet (61) 33-59-20 

ACM 

Hewlett-Packard (Schweiz) AG 
Bahnhoherweg 44 

3018 BERN 

Tet: (031) 86-24-22 

HOM 

Hewlett-Packard (Schweiz) AG 
47 Avenue Blanc 

CH-1202 GENEVA 

Tet: (022) 32-30-05, 32-48-00 
CH.CM.cS 

Hewlett-Packard (Schweiz) AG 
29 Chemin ChBteau Bloc 
CH-1219 LE LIGNON-Geneva 
Tet: (022) 96-03-22 

Telex: 27333 hpag ch 

Cable: HEWPACKAG Geneva 
A.CMEMSP 

Hewiett-Packard (Schweiz) AG 
Zurcherstrasse 20 

‘Almend 2 

(CH-8967 WIDEN 

Tet: (67) 50-111 

Telex: 59933 hpag ch 

Cable: HPAG CH 
A.CH,CM,CS,EMS,P 


SYRIA 

General Electronic inc. 

‘Nari Basha-Anat Ebn Kays Steet 
P.O. Box $781 

DAMASCUS 

Tel: 33-24-87 

Telex: 11215 ITIKAL 

Cable: ELECTROBOR DAMASCUS 
E 

Middle East Electronics 

Place Azmé 

Boite Postale 2308 

DAMASCUS 

Tet: 334592 

Telex: 11304 SATACO SY 

MP 


TAIWAN 

Hewlett-Packard Far East Lid. 
Kaohsiung Otfice 

2/F 68-2, Chung Cheng 3rd Roaa 
KAOHSIUNG 

Tel: 241-2318, 261-3253 
EMS,P 


Hewlett-Packard Far East Lia 
Taichung Office 

#33, Cheng Tr Rd. 

10th Floor, Room 5 
TAICHUNG 

Tel: (042) 289274 
Hewietl-Packard Far East Lia. 
Taiwan Ottice 

Sth Floor 

205 Tun Hwa North Road 
TAPE! 

Tel(02) 751-0404 
Cable:HEWPACK Taipei 
A.CHCS.EMSP 

ing Lib Trading Co. 

Std Floor 18, Po-Al Road 
TAIPE! (100) 

Tel: (02) 311-1914 

Cable: INGLIH TAIPEI 

A 


THAILAND 

unimesa 

30 Palpong Ave., Sunwong 
BANGKOK 5 

Tel: (234-09 1) (234-092) 
Telex: TH 81160, TH 81098 
Cable: UNMESA Bangkok 
AGEM 

Bangkok Business Equipment Lic. 
5/5-6 Dejo Road 

BANGKOK 

Tel: 234-8670, 234-8671 
Telex: 87669-BEQUPT TH 
Cable: BUSIQUIPT Bangkok 
Pp 


TRINIDAD & TOBAGO 
Caribbean Telecoms Lid. 

50/A Jemingham Avenue 

P.0, Box 732 

PORT-OF-SPAIN- 

Tel: 624-4213, 624-4214 
Telex: 3235, 3272 HUGCO WG 
ACMEMP 


TUNISIA 

Tunisie Electronique 

31 Avenue de la Liberte 
TUM 

Tel: 280: 144 

EP 

Corema 

1 ter. Av. de Carthage 
TUNIS 

Tel: 253-821 

Telex: 12319 CABAM TN 
M 


TURKEY 

Teknim Company Ltd. 
‘ran Caddesi No. 7 
‘Kavakiidere, ANKARA 
Tel: 275800 

Telex: 42155 

E 

EMA. 

‘Medina Eidem Sokak No.4 1/6 
Yuksel Caddesi 
AMARA 

Tet: 175 622 

MP 


UNITED ARAB EMIRATES 
Emitac Lid. 

P.O. Box 1641 

SHARJAH 

Tel: 354121, 354123 

Telex: 68 136 Emitac SL 
CHCS.EM.P 














UNITED KINGDOM 
see: GREAT BRITAIN 
NORTHERN IRELAND 
SCOTLAND 


UNITED STATES 


Alabama 
Hewlett-Packard Co, 

700 Century Park South 
Suite 128 

BIRMINGHAM, AL 35226 
Tel: (205) 822-6802 
CH,CM.MP 
Hewlett-Packard Co, 

P.O. Box 4207 

8290 Whitesburg Drive, S.E 
HUNTSVILLE, AL 35802 
Tet: (205) 881-4591 
CH.CM,CS,,M* 


Alaska 

Hewlett-Packard Co. 

1577 *C” Street, Suite 252 
ANCHORAGE, AK 995 10 
Tek: (206) 454-3971 
CHY.CM 


Arizona 
Hewlett-Packard Co. 
2996 East Magnolia Steet 
PHOENIX, AZ 85034 

Tel: (602) 273-8000 
ACH,CM.CS,EMS 
Hewietl-Packard Co 
2424 East Aragon Road 
TUCSON, AZ 85702 

Tol; (602) 889-4631 
H,CMEMS** 


Arkansas 
Hewielt-Packard Co 

P.O, Box 5646 

Brady Station 

UTTLE ROCK, AR 72215 

Tel: (501) 376-1844, (501) 664 
8773 

CMMs 


California 
Hewlett-Packard Co. 

99 South Hil Or. 
BRISBANE, CA 94005 
Tel: (415) 330-2500 
CHCM.CS 
Hewiett-Packard Co 
7621 Canoga Avenue 
CANOGA PARK, CA 91308 
Tel: (213) 702-8300 
A.CH.CM.CS\E,P 
Hewlett-Packard Co. 
1679 W. Shaw Avenue 
FRESNO, CA 93771 

Tel: (209) 224.0582 
CM.MS 

Hewlett-Packard Co, 
1430 East Orangethorpe 
FULLERTON, CA 92631 
Tel: (714) 870-1000 
CH.CM.CS,6,MP 
Hewlett-Packard Co. 
5400 W. Rosecrans Boulevarc 
LAWNDALE, CA 90260 
P.O, Box 92105 

LOS ANGELES, CA 90008 
Tel: (213) 970-7500 
CHCM,CS.MP 
Hewlett-Packard Co. 
3999 Lankershim Blvd 
NORTH HOLLYWOOD, CA 91604 
Tel: (213) 877-1282 
Regional Headquarters 





Hewlett-Packard Go 
3200 Hillview Avenue 

PALO ALTO, CA 94304 

Tel: (415) 857-8000 
CHCM.CS.E 

Hewlett-Packard Co. 

646 W. North Market Boulevard 
SACRAMENTO, CA 95834 

Tet: (916) 929-7222 
A*,CH,CM,CS,E,.MS 
Hewlett-Packard Co. 

9606 Aero Drive 

P.0. Box 23333 SAN DIEGO, CA 
92123 

Tel: (714) 279-3200 
CH,CM.CS,E.MP 
Hewlett-Packard Co. 

Suite A 

5853 Hollister 

SANTA BARBARA, CA 93111 

Tel: (805) 964-3390 
Hewlett-Packard Co 

3003 Scott Boulevard 

SANTA CLARA, CA 95050 

Tel: (408) 988-7000 
‘A.CH.CM,CS,E.MP 


Colorado 
Hewlett-Packard Co. 

24 Inverness Place, East 
ENGLEWOOD, CO 80112 
Tek: (303) 771-3455 
A,CH.CM,CS,E.MS 


Connecticut 
Hewlett-Packard Co, 

47 Bares Industrial Road South 
P.0, Box 5007 

WALLINGFORD, CT 06492 

Tek: (203) 265-7801 
ACH.CMCS,E.MS 


Florida 
Hewlett-Packard Co 

P.0. Box 24210 

2727 N.W. 62nd Street 
FORT LAUDERDALE, FL. 33309 
Tel: (305) 973-2600 
CH,CM.CS,E.MP 
Hewlett-Packard Co, 
4080 Woodcock Drive, #132 
Brownett Building 
JACKSONVILLE, FL 32207 
Tek: (904) 398-0663 
OM.C*,E.MS** 
Hewlett-Packard Co. 

P.O. Box 13910 

6177 Lake Ellenor Drive 
ORLANDO, FL 32809 

Tel: (305) 859-2900 
‘A.CH,CM.CS,EMS 
Hewlett-Packard Co. 
6425 N, Pensacola Biva 
Suite 4, Building 1 
PENSACOLA, FL 32575 
Tet: (904) 476-8422 
ACMMS 
Hewlett-Packard Co. 

110 South Hoover, Suite 120 
Vanguard Bldg. 

TAMPA, FL. 33609 

Tet: (813) 872-0900 
A*CHCM,CS.E* M* 


Georgia 
Hewlett-Packard Co. 
P.O. Box 105005 
2000 South Park Place 
ATLANTA, GA 30339 
Tel: (404) 955-1500 
Telex: 810-766-4890 
ACHCM.CS,E.MP- 








Hewlet Packard Co. 
Executive Park Suite 306 
P.0. Box 816 

AUGUSTA, GA 30907 

Tel: (404) 736-0592 
CMMs 

Hewlett-Packard Co. 

P.0. Box 2103 

1172 N. Davis Drive 
WARNER ROBINS, GA 31098 
Tel: (912) 923-8831 

OME 


Hawali 

Hewiett-Packard Co. 
Kawaiahao Plaza, Suite 190 
567 South king Street 
HONOLULU, Hi 96813 

Tel: (808) 526-1555 
A,CH,CM.E,MS 


Idaho 
Hewlett-Packard Co. 
11311 Chinden Boulevard 
BOISE, 10 83707 

Tek: (208) 376-6000 
CHOMM* 


Minois 
Hewietl-Packard Co 

211 Prospect Road 
BLOOMINGTON, I 6170) 

Tel: (309) 663-0383 
CH.CMMS** 
Hewiett-Packard Co 

1100 31st Street 

DOWNERS GROVE, 60515 
Tet: (312) 960-5760 
CHOM.cs 

Hewiett-Packard Co 

5201 Tolview Drive 
ROLLING MEADOWS, IL 60008 
Tet: (312) 255-9800 
A.CHCM.CS,E.MP 


Indiana 

Hewiett-Packard Co. 

P.O. Box 50807 

7301 No. Shadeland Avenue 
INDIANAPOLIS, IN 46250 

Tek: (317) 842-1000 
A.CH.CM.CS,E,MS 


towa 
Hewlett-Packard Co. 
5815 SW. 5th Street 
DES MOINES, IA 50315 
Tek: (515) 243-5876 
CHCMMS** 
Hewiett-Packard Co 
2415 Heinz Road 
OWA CITY, A 52240 
Tet: (319) 351-1020 
CH.OM.E* MS 


Kansas 
Hewiett-Packard Co. 
1644 S. Rock 
WICHITA, KA 67207 
Tet: (316) 265-5200 
HOM 


Kentucky 
Hewlett-Packard Co 
10170 Linn Station Roac 
Suite 525 

LOUISVILLE, KY 40223, 
Tet: (502) 426-0100 
A.CH,CM,CS.MS 


Louisiana 
Hewlett-Packard Co 
P.O. Box 1449 

3229 Wiliams Boulevarc 
KENNER, LA 70062 

Tet: (504) 443-6201 
A.CHCM,CS.E.MS 


Marylana 
Hewlett-Packara Co. 
7121 Standard Drive 
HANOVER, MD 21076 
Tel: (801) 796-7700 
A.CH.CM,CS,EMS 
Hewlett-Packard Co. 
2 Choke Cherry Roaa 
ROCKVILLE, MD 20850 
Tet (301) 948-6370 
Telex: 710-828-9685 
A.CH,OM.CS,,.MP 


Massachusetts 
Hewiett-Packard Co, 
32 Hartwell Avenue 
LEXINGTON, MA 02173 
Tet: (617) 861-8960 
A.CHCM.CS,E.MP 


Michigan 
Hewiett-Packard Co. 
23855 Research Drive 
FARMINGTON HILLS, Mi 48024 
Tel: (313) 476-6400 
ACHCM.CS,E.MP 
Hewiett-Packard Co. 
4326 Cascade Road S.E. 
GRAND RAPIDS, MI 49506 
Tel: (616) 957-1970 
CH.CM,CS.MS 


Minnesota 
Hewlett-Packard Co. 
2025 W. Larpenteur Ave. 
ST. PAUL, MN 55113 

Tel: (612) 644-1100 
A.CH,CM,CS,E,MP 


Mississippi 
Hewlett-Packard Co. 
P.O. Box 5028 

322 N. Mart Plaza 
JACKSON, MS 392 16 
Tet: (601) 982-9363 
CM.MS 


Missouri 
Hewiett-Packard Co. 
11131 Colorado Avenue 
KANSAS CITY, MO 64137 
Tek: (816) 763-8000 
Telex: 910-771-2087 
A,CHCM,CS,E.MS 
Hewiett-Packard Co. 
1024 Executive Parkway 
ST. LOUIS, MO 63141 
Tet: (314) 878-0200 
A,CH,CM,CS,E.MP 


Nebra 
Hewlett-Packard 

7101 Mercy Road 
Suite 101, IBX Building 
OMAHA, NE 68 106 

Tel: (402) 392-0948 
CM.MS 

Nevada 
Hewlett-Packard Co 
Suite 0-130 

5030 Paradise Blvd. 
USS VEGAS, NV 89119 
Tet: (702) 736-6610 
cM.MS** 


New Jersey 
Hewlett-Packard Co 

Crystal Brook Professional Buiding 
Route 35 

EATONTOWN, NJ 07724 

Tet (201) 542-1384 

ANCM.C*E* 
Hewiett-Packard Co. 
W120 Century Road 
PARAMUS, NJ 07652 
Tet: (201) 265-5000 
A.CH,CM.CS,E.MP 








5 
& 
iE 
Hewlet-Packara Co 
60 New England Av. West 
PISCATAWAY, NJ 08854 
Tek: (201) 981-1199 
A,CHCM,CS.E 


New Mexico 
Hewlett-Packard Co. 

P.O. Box 11634 

11300 Lomas Bivd..N.E 
ALBUQUERQUE, NM 87 123, 
Tel: (605) 292-1330 
Telex: 910-989-1185 
CH.CM.CS,E,MS. 


New York 
Hewlett-Packard Co. 

5 Computer Drive South 
ALBANY, NY 12205 

Tel: (518) 458-1550 
Telex: 710-444-4691 
A.CHCMEMS. 
Hewiett Packard Co, 
9600 Main Street 
CLARENCE, NY 14031 
Tel: (716) 759-8621 
Telex: 710-523-1893 
cH 

Hewlett-Packard Co, 
200 Cross Keys Office 
FAIRPORT, NY 14450 
Tet (716) 223-0950 
Telex: 510-253-0092 
CH.OM,CS,€,MS 
Hewiett-Packard Co 

No, 1 Pennsyivar 
‘55th Floor 

34th Street & 8th Avenue 
NEW YORK, NY 10119 

Tet: (212) 971-0800 
CH.OM.CS.6°.M* 
Hewiett-Packard Co. 
5858 East Molloy Road 
SYRACUSE NY 13211 

Tel: (315) 455-2486 
A.CH,CM.E.MS 
Hewlett-Packard Co, 

3 Crossways Park West 
WOODBURY, NY 11797 
Tel: (516) 921-0300 
Telex; 510-221-2183 
A,CH.CM.CS,£.MS. 


North Carolina 
Hewietl-Packard Co, 

P.0. Box 18579 

2905 Guess Road (27705) 
DURHAM, NC 27704 

Tet: (919) 471-8466 
CM 

Hewlett-Packard Co. 
5605 Roanne Way 
GREENSBORO, NC 27409 
Tel: (919) 852-1800 
A.CH,CM,CS,E,MS 


Ohio 
Hewlett-Packard Co. 
9920 Carver Road 
CINCINNATI, OH 45242 
Tel: (513) 891-9870 
CH.CM.CS.MS 
Hewlett Packard Co 
16500 Sprague Road 
CLEVELAND, OH 44130 
Tel: (216) 243-7300 
Telex: 810-423-9430 
A.CH.CM,CS,E,MS 
Hewlett-Packard Co. 
962 Crupper Ave. 
‘COLUMBUS, OH 43229 
Tel; (614) 436-1041 
CH.CM.CS, 





Plaza 
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SALES & SUPPORT OFFICES 


Arranged alphabetically by country 


Ohio (Con’t) 
Hewlett-Packard Co. 
330 Progress Fd. 
DAYTON, OH 45449 
Tel: (513) 859-8202 
A.CH.CM.E* MS. 


Oklahoma 
Hewlett-Packard Co. 

P.O. Box 366 

1503 W. Gore Bivd., Sute #2 
LAWTON, OK 73502 

Tek: (405) 248-4248 

c 

Hewlett-Packard Co. 

P.0. Box 32008 

304 N. Meridan Avenue, Suite A 
OKLAHOMA CITY, OK 73107 
Tel: (405) 946-9499 

At CHCME* MS 
Hewlett-Packard Co. 

Suite 121 

9920 E, 42nd Street 

TULSA, OK 74145 

Tel: (918) 665-3300 
A**,CHCM,CS.M* 


Oregon 
Hewiett-Packard Co. 

1500 Valley River Drive, Suite 330 
EUGENE, OR 97401 

Tel: (503) 683-8075 

c 

Hewiett-Packard Co. 
9255 S. W. Pioneer Court 
WILSONVILLE, OR 97070 
Tek: (503) 682-8000 
ACHCMCS.E*. MS. 


Pennsylvania 
Hewlett-Packard Co. 

1021 8th Avenue 

king of Prussia Industria! Park 
KING OF PRUSSIA, PA 19406 
Tet: (215) 265-7000 

Telex: 510-660-2670 
A,CH,CM,CS,E,MP 
Hewlett-Packard Co. 

111 Zeta Drive 
PITTSBURGH, PA 15238 

Tel: (412) 782-0400 





A,CH,CM,CS,E.MP 
South Carolina 





P.O, Box 6442 

6941-0 N. Trenholm Road 
COLUMBIA, SC 29260 
Tel: (803) 782-6493 
CH.CM.E.MS 
Hewlett-Packard Co. 

814 Wade Hampton Biv, 
Suile 10 

GREENVILLE, SC 29609 
Tel: (803) 232-0917 

c 


Tenn 
Hewlett-Packard Co. 
P.O. Box 22490 

224 Peters Road 
Suite 102 

KNOXVILLE, TN 37922 
Tek: (615) 691-2371 
A*CH.CMMS 
Hewlett-Packard Co. 
3070 Directors Row 
MEMPHIS, TN 38131 
Tel: (901) 346-8370 
A,CH.CMMS 
Hewiett-Packard Co. 
Suite 103 

478 Craighead Street 
NASHVILLE, TN 37204 
Tel: (615) 383-9136 
cMMS** 





Texas 
Hewiett-Packard Co. 
‘Suite 310W 

7800 Shoalcreek Bivd 
AUSTIN, TX 78757 

Tel: (512) 459-3143 
ME 

Hewlett-Packard Co. 
Suite 6-110 

4171 North Mesa 

EL PASO, TX 79902 
Tel: (915) 533-3555 
CH,CM,E*.MS** 
Hewlett-Packard Co. 
5020 Mark IV Parkway 
FORT WORTH, TX 76106 
Tel: (817) 625-6361 
cmc 
Hewlett-Packard Co. 
P.0, Box 42816 
10535 Harwin Street 
HOUSTON, TX 77036, 
Tel: (713) 776-6400 
A,CH.OM,CS,£,.MP 
Hewlett-Packard Co. 
3309 67th Street 
‘Suite 24 

LUBBOCK, TX 79413 
Tel: (806) 799-4472 
M 

Hewielt-Packard Co, 
P.0, Box 1270 

930 E. Campbell Ra 
RICHARDSON, TX 75081 
Tel: (214) 231-6101 
A.CH,OM.CS,E.MP 
Hewlett-Packard Co, 
205 Bily Mitchell Roaa 
SAN ANTONIO, TX 78226 
Tel: (512) 434-8241 
CH,CM.CS,E,MS 


Utah 

Hewlett-Packard Co. 

3590 W. 2100 South Sweet 
SALT LAKE CITY, UT 84119 
Tek: (801) 974-1700 
ACH.CM.CS,E.MS 


Virginia 

Hewlett-Packard Co 

P.0. Box 9669 

2914 Hungary Spring Road 
RICHMOND, VA 23228 

Tel: (804) 285-3431 
A.CH.CM,CS,E,.MS 
Hewlett-Packard Co, 

P.O. Box 4786 

3110 Peters Creek Road, N.W 
ROANOKE, VA 24015 

Tek: (703) 563-2205 
CHLCME** 
Hewlett-Packard Co, 

P.O. Box 12778 

5700 Thurston Avenue 
Suite 111 

VIRGINIA BEACH, VA 23455 
Tek: (804) 460-2471 
CHLCM.MS 


Washington 
Hewlett-Packard Co. 
15815 SE. 37th Street 
BELLEVUE, WA 98006 
Tet: (206) 643-4000 
‘ACH.CM,CS,E.MP 
Hewlett-Packard Co. 
Suite A 

708 North Argonne Road 
SPOKANE, WA 99206 
Tet: (509) 922-7000 
CH.CM.CS 


West Virginia 
Hewiett-Packard Co. 

4604 MacCorkle Ave., S.E 
CHARLESTON, WV 25304 
Tet: (304) 925-0492 
A.CM.MS: 


Wisconsin 
Hewlett-Packard Co. 

150 S, Sunny Siope Road 
BROOKFIELD, Wi 53005 
Tet: (414) 784-8800 
A,CH.CM.CS,E* MP 


URUGUAY 

Pablo Ferrando S.A.C. €. 
Avenida taka 2877 

Casila de Correo 370 
‘MONTEVIDEO 

Tel: 80-2586 

Telex: Public Booth 901 
ACMEM 

Guilermo Kraft del Uruguay S.A 
‘Av. Lib. Brig. Gral. Lavaleja 2083 
‘MONTEVIDEO 

Tet: 234588, 234808, 208830 
Telex: 6245 ACTOUR UY 

Pp 


U.S.S.R. 

Hewlett-Packard Co. 
Representative Otfice 
Poktovsky Blvd. 4/17 KV12 
MOSCOW 101000 Tel: 294-2024 
Telex: 7825 HEWPACK SU 


VENEZUELA 
Hewlett-Packard de Venezuela C.A 
Apartado 50933. 

A Transversal Los Ruices Norte 
Edificio Segre 

CARACAS 1071 

Tel: 239-4133, 

Telex: 25146 HEWPACK 
A,CH,CS.E.MS,P 


YUGOSLAVIA 
Iskra-Commerce Representation of 
Hewlett-Packard 

Sava Centar Delegacia 30 
Mientja Popovica 9 

11170 BEOGRAD 

Tet: 638-762 

Telex: 12042, 12322 YU SAV CEN 
Iskra-Commerce-Representation of 
Hewlett-Packard 

Koprska 46 

6 1000 LJUBLJANA 

Tel: 321674, 315879 

Telex: 


ZAIRE 

Computer & industria! Engneenng 
25 Avenue de la Justice 

BP. 10-976 

Kinshasha V2aire 

GowBE 

Tel: 32063 

Telex: 21-457 SGEKIN ZR 

CHS 


ZIMBABWE 

Field Technical Sales 
45 Kelvin Road, North 
PB. 3458 

SALISBURY 

Tel: 705 231 

Telex: 4-122 RH 
CEMP 


FOR COUNTRIES AND 
AREAS NOT LISTED: 


‘CANADA 

Ontario 

Hewlett-Packard (Canada) Lid. 
6877 Goreway Drive 
MISSISAUGA, Ontario L4V 1MB. 
Tel: (416) 678-9430 

Telex: 610-492-4246 


EASTERN USA 
Maryland 
Hewiett-Packard Co 
4 Choke Cherry Road 
Rockville, MD 20850 
Tel: (301) 258-2000 


MIDWESTERN USA 
Minois 

Hewlett-Packard Co. 

5201 Tolview Drive 
ROLLING MEADOWS, IL 60008 
Tel: (312) 255-9800 


SOUTHERN USA 
Georgia 
Hewiell-Packard Co. 

P.0. Box 105005 

450 Interstate N. Parkway 
ATLANTA, GA 30339 

Tel: (404) 955-1500 


WESTERN USA 
California 
Hewlett-Packard Co. 
3939 Lankersim Biva, 
LOS ANGELES, CA 91604 
Tel: (213) 877-1282 


EUROPEAN AREAS NOT 
LISTED, CONTACT 
SWITZERLAND 
Hewiett-Packard S.A 

7 Rue du Bois-du-Lan 

CH-1217 MEYRIN 2, Switzeriand 
Tet: (022) 83-81-11 

Telex: 27835 hpse 

Cable: HEWPACKSA Geneve 


EAST EUROPEAN AREAS 
NOT LISTED, CONTACT 
AUSTRIA 

Hewlett-Packard Ges.m.b.h. 
Wehiistrasse 29 

P.0. Box 7 

A-1205 VIENNA 

Tet: (222) 36-16-210 

Telex: 135823/135066 


MEDITERRANEAN AND 
MIDDLE EAST AREAS 
NOT LISTED, CONTACT 
GREECE 

Hewiett-Packard S.A 
Mediterranean & Middle East 
Operations 

32 Kifisias Ave. 

Atrina Center 

PARADISOS, Amaroussion 

Tel: 808-1741-4 

Telex: 21-6588 HPAT GR 
Cable: HEWPACKSA Athens 


INTERNATIONAL AREAS. 
NOT LISTED, CONTACT 
OTHER AREAS 
Hewlett-Packard Co. 
Intercontinental Headquarters 
3495 Deer Creek Road 

PALO ALTO, CA 94304 

Tet: (415) 857-1501 

Telex: 034-8300 

Cable: HEWPACK 


FOR COUNTRIES AND 
AREAS NOT LISTED, 
CONTACT: 


AFRICA 


NORTHERN AND CENTRAL 
AFRICA 


SWITZERLAND 
Hewlett-Packard S.A 

7 Rue du Bois-du-Lan 
CH-1217 MEYRIN 2, Switzerland 
Tek: (022) 98-96-51 

Telex: 27835 hpse 

Cable: HEWPACKSA Geneve 


ASIA 


HONG KONG 
Hewlett-Packard Asia Lid. 

6th Floor, Sun Hung Kai Center 
30 Harbor Ra. 

GPO. Box 795 

HONG KONG 

Tel: 5-832 3211 

Telex: 66678 HEWPA Hx 
Cable: HP ASIA LTD Hong Kong 


EUROPE 
EASTERN EUROPE 


AUSTRIA 
Hewlett-Packard Ges.m.b.n, 
Wehiistrasse 29 

P.0.Box 7 

A-1205 VIENNA 

Tet: (222) 35-16-210 
Telex: 135823/135066 


NORTHERN EUROPE 


THE NETHERLANDS 
Hewlett-Packard S.A, 
Uilenstede 475 

NL- 1183 AG AMSTELVEEN, The 
Netherlands 

P.0.Box 999 

NL-1180 AZ AMSTELVEEN, The 
Netherlands 

Tel: 20 437771 


SOUTH EASTERN EUROPE 


SWITZERLAND. 
Hewlett-Packard S.A, 

7 Rue du Bois-du-Lan 

CH-1217 MEYRIN 2, Switzerland 
Tel: (022) 98-96-51 

Telex: 27835 hpse 

Gable: HEWPACKSA Geneve 
(Offices in the World Trade Center) 


MEDITERRANEAN AND 
MIDDLE EAST 


GREECE 

Hewlett-Packard S.A 
Mediterranean and Middle East 
Operations 

Atrina Centre 

32 Kitissias Ave. 
‘Amaroussion, ATHENS, Greece 
Tel: 808-0359 808-0429 
Telex: 21-6588 

Cable: HEWPACKSA Athens. 


OTHER INTERNATIONAL 
AREAS 

Hewlett-Packard Co. 
Intercontinental Headquarters 
3495 Deer Creek Road 

PALO ALTO, CA 94304 

Tel: (415) 857-1501 

Telex: 034-8300 

Cable: HEWPACK 

‘August 1981 5952-6900 


9/20/81 


(A) bacicano 





